2-1. 


Determine the magnitude of the resultant force Fp = F; + F, 


y 
and its direction, measured counterclockwise from the positive 
x axis. F, = 250 lb 
SOLUTION . 
Fr = V(250) + (375)? — 2(250)(375) cos 75° = 393.2 = 393 Ib Ans. 
393.2 250 
sin 75° sin 0 
6 = 37.89 F, = 375 1b 
p = 360° — 45° + 37.89° = 353° Ans. 


Fa= 375 
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2-2. 

If 0 = 60° and F = 450 N, determine the magnitude of the 
resultant force and its direction, measured counterclockwise 
from the positive x axis. 


SOLUTION 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, 
respectively. 


Applying the law of consines to Fig. b, 


Fr = V100 + 4502 — 2(700)(450) cos 45° 


= 497.01 N = 497 N Ans. 
This yields 
ae ai ane. 
Thus, the direction of angle @ of Fr measured counterclockwise fromthe 7OON (a) 
positive x axis, is 
p =a + 60° = 95.19° + 60° = 155° Afs: 
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2-3. 


If the magnitude of the resultant force is to be 500 N, y 
directed along the positive y axis, determine the magnitude 
of force F and its direction 0. 


SOLUTION 
The parallelogram law of addition and the triangular rule are shown in Figs. a and b, 
respectively. 
Applying the law of cosines to Fig. b, Y 
F = V500? + 700? — 2(500)(700) cos 105° 90416 °=105° 


ae 


= 959.78 N = 960 N Ans. 
Applying the law of sines to Fig. b, and using this result, yields 


sin (90° + 6) sin 105° 
700 959.78 


0 = 45.2° Ans. 
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*2-4, 


Determine the magnitude of the resultant force Fp = F; + F, 
and its direction, measured clockwise from the positive u axis. 


70° Vas 
u 


30° 
aor F, = 300N 
F,=500N v 

SOLUTION 

Fr = V800} + (500)? — 2(300)(500) cos 95° = 605.1 = 605 N Ans. 

605.1 _ 500 

sin95°—s sin 8 

a = 55.40° 

& = 55.40° + 30° = 85.4° Ans. 
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2-5. 


Resolve the force F, into components acting along the u and 
v axes and determine the magnitudes of the components. 


SOLUTION 


Fi, = 205N Ans. 


Fiy = 160N Ans, 
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2-6. 


Resolve the force F, into components acting along the u and 
v axes and determine the magnitudes of the components. 


Fy =500N v 


SOLUTION 


Fon 500 
sin 45° sin 70° 


Fy, = 376 N Ans. 


Fy 500 
sin 65° sin 70° 


Fy, = 482 N Ans. 
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2-7. 

The vertical force F acts downward at A on the two-membered 
frame. Determine the magnitudes of the two components of 
F directed along the axes of AB and AC. Set F = 500 N. 


SOLUTION 
Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using the law of sines (Fig. b), we have 


Fag _ 500 
sin 60° sin 75° 
F ap = 448N Ans. 
Fac 500 


sin 45° sin 75° 


Fac = 366N Ans, 
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*2-8. 
Solve Prob. 2-7 with F = 350 lb. 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using the law of sines (Fig. b), we have 


Fag _ 350 
sin 60° sin 75° 
F ap = 314 lb Ans. 
Fac 350 


sin 45° sin 75° 


F ac = 256 lb Ans. 
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2-9, 


Resolve F} into components along the u and v axes and 
determine the magnitudes of these components. 


SOLUTION 
Sine law: 
F 250 
ee F,, = 129N Ans. 
sin 30° sin 105° 
Fiu 250 
A a F,, = 183 N Ans. 


sin 45° sin 105° 


BON F, 


P 
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F, = 250N 


2-10. 


Resolve F, into components along the u and v axes and 
determine the magnitudes of these components. 
F, = 250N 


SOLUTION u 
Sine law: 
Fy 150 
= = 77. Ans. 
sin 30° sin 75° a a ps 
Pou 150 
= F,, = 150 N Ans. 
sin 75° sin 75° a se 
v 
Fis 


F, =150N lee 


© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by 

Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical, 

photocopying, recording, or likewise. For information regarding permission(s), write to: 

Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 


2-11. 


The force acting on the gear tooth is F = 20 lb. Resolve 


this force into two components acting along the lines aa 
and bb. 


SOLUTION 
20 F, 
sin 40° > sin 80° F, = 30.6 lb Ans. 
20 F, 
= ; F, = 26.9 lb Ans. 
sin 40° sin 60° b Á a 
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*2-12. 


The component of force F acting along line aa is required to 
be 30 lb. Determine the magnitude of F and its component 


along line bb. 
SOLUTION 
30 F 
sin 80° = sin 40” F = 19.6 lb Ans. 
30 F 
= F, = 26.4 1b Ans. 


sin 80° sin 60°’ 
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2-13. 

Force F acts on the frame such that its component acting 
along member AB is 650 lb, directed from B towards A, and 
the component acting along member BC is 500 lb, directed 
from B towards C. Determine the magnitude of F and its 
direction 0. Set ¢ = 60°. 


SOLUTION 
The parallelogram law of addition and triangular rule are shown in Figs. a and b, 
respectively. m 
l l l F Fez =500lb 
Applying the law of cosines to Fig. b, i= G0Ibe p L oo't45 "2 05° 
F = V500? + 6502 — 2(500)(650) cos 105° 7 y 
= 916.91 lb = 917 lb Ans. a) 
Using this result and applying the law of sines to Fig. b, yields 
`N 
a 500b 
; : P X 
sin@ _ sin 105 0 = 318° ron 
500 916.91 i oo 
Fly 
8 650 Ib 
4 
6) 
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2-14. 


Force F acts on the frame such that its component acting 
along member AB is 650 lb, directed from B towards A. 
Determine the required angle œ (0° = ¢ = 90°) and the 
component acting along member BC. Set F = 850 lb and 
0 = 30°. 


SOLUTION 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, 
respectively. 


Applying the law of cosines to Fig. b, 


Fac = V850? + 650? — 2(850)(650) cos 30° 


= 433.64 lb = 434 lb Ans. 


Using this result and applying the sine law to Fig. b, yields 


(4) 
sin (45° + ¢) sin 30° 
_ Lepa 3 
850 433.64 A Ans. \ ac 

F=8501b P 

of 
42650 Ib 

(6) 
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2-15. 


The plate is subjected to the two forces at A and B as F4=8kN 
shown. If 0 = 60°, determine the magnitude of the resultant 
of these two forces and its direction measured clockwise 
from the horizontal. 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using law of cosines (Fig. b), we have 


n n m m m Mm 


Fr = V8 + 6? — 2(8)(6) cos 100° 


10.80 kN = 10.8 kN Ans. 


The angle 0 can be determined using law of sines (Fig. b). 


sin@ _ sin 100° 


6 10.80 
sin 6 = 0.5470 
0 = 33.16° 


Thus, the direction @ of Fẹ measured from the x axis is 


p = 33.16° — 30° = 3.16° Ans, 
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*2-16. 


Determine the angle of 0 for connecting member A to the 
plate so that the resultant force of F, and Fp is directed 
horizontally to the right. Also, what is the magnitude of the 
resultant force? 


F,=8kN 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using law of sines (Fig .b), we have 


m am © on an m 


sin (90° — 0) _ sin 50° 
6 8 


sin (90° — @) = 0.5745 


0 = 54.93° = 54.9° Ans. 


From the triangle, 6 = 180° — (90° — 54.93°) — 50° = 94.93°. Thus, using law of 
cosines, the magnitude of Fp is 


Fr = V8? + © — 2(8)(6) cos 94.93° 


= 10.4kN Ans. 
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2-17. 


Determine the design angle 0 (0° = 6 = 90°) for strut AB 400 lb A 
so that the 400-lb horizontal force has a component of 500 Ib 
directed from A towards C. What is the component of force 
acting along member AB? Take ¢ = 40°. 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using law of sines (Fig. b), we have 


ine _ sn rc 
TON, 
sin 60 = 0.8035 l N 
! ` 
i 
9 = 53.46° = 53.5° Ans. N 
l 8 Ps 
400 lb * 
Thus, N aN 
\ 140 
y = 180° — 40° — 53.46° = 86.54° N ! 
\ i 
Using law of sines (Fig. b) bS i 
Fag 400 a Yoon 
sin 86.54° sin 40° LA 
! 
Fag = 621 lb Ans: KON, Kes 
\ 
500 ibl N 
l fë) ~\ 
i 6 
400 Ib 
(b) 
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2-18. 


Determine the design angle œ (0° < = 90°) between 400 Ib A 
struts AB and AC so that the 400-lb horizontal force has a 
component of 600 lb which acts up to the left, in the same 
direction as from B towards A. Take 0 = 30°. 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using law of cosines (Fig. b), we have 


Fac = V400? + 6002 — 2(400)(600) cos 30° = 322.97 Ib Goo Ib 
vn 
The angle ¢ can be determined using law of sines (Fig. b). Y SS 
\ ~ 


sing sin 30° ee, = 
= 4001 


400 322.97 PNS Vo 
kas \ 


sin d = 0.6193 WwW OONAN 
`y Fe 
ġo = 38.3° Ans. 
~, 
NBN booib 
he \ Say 
20 

400 Ib 

tb) 
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2-19. 
Determine the magnitude and direction of the resultant 


y 
Fp = F, + F, + F, of the three forces by first finding the F, =30N 
resultant F’ = F, + F, and then forming Fr = F’ + F}. 


SOLUTION 


F =20N 


F = V(20)? + (30)? — 2(20)(30) cos 73.13° = 30.85 N 


30.85 300 
sin 73.13° sin (70° — 0) i 


0 = 1.47° 


Fr = V(30.85)2 + (50)? — 2(30.85)(50) cos 1.47° = 19.18 = 19.2 N 


Ans. 
19.18 30.85 m 
sin 1.47° = ane 06=2.37° SS Ans. 
% Ans 
447° | SOKN 
=A zs x 
30.85N— ~~ SE, 
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*2-20. 


Determine the magnitude and direction of the resultant 
Fr = F; + F, + F; of the three forces by first finding the F, =30N 
resultant F’ = F, + F; and then forming Fg = F’ + F}. 


SOLUTION 


F, =20N 


F = VRO) + (50)? — 2(20)(50) cos 70° = 47.07 N 


20 47.07 


- ; 6 = 23.53° 
sing sin 70° 


Fr = V(47.07)2 + (30)? — 2(47.07)(30) cos 13.34° = 19.18 = 19.2 N Ans. 


19.18 30 
sin 13.34° sing’ 


$ = 21.15° 


N 90%23.53°-(90%36.87°) 
= 13.34" 
0 = 23.53° — 21.15° = 2.37° $ 


Ans, 
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2-21. 


Two forces act on the screw eye. If F; = 400N and F; 
F, = 600N, determine the angle 6(0° = 6 = 180°) 
between them, so that the resultant force has a magnitude 
of Fr = 800N. 


Z/N 


SOLUTION | 


The parallelogram law of addition and triangular rule are shown in Figs. a and b, 
respectively. Applying law of cosines to Fig. b, 


F, 
800 = V400? + 6002 — 2(400)(600) cos (180° — 6°) 
: 6 F=400N 
800? = 4007 + 6007 — 480000 cos (180° — 8) (80-@ 
cos (180° — 0) = — 0.25 
180° — 6 = 104.48 pe ĘK=800N 
@ = 75.52° = 75.5° Ans. 2 
ns f,=600N 
(a) 


400N 180-8 
600N 


BOON 


C(b) 
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2-22. 


Two forces F, and F, act on the screw eye. If their lines of F, 
action are at an angle 0 apart and the magnitude of each 
force is F = P, = F, determine the magnitude of the 


resultant force Fp and the angle between Fp and F}. | 
| 
0 
SOLUTION < 
F | F | 
sind sin (0 — ¢) 
in(@—d) = si 
sin ( ob) = sing i, 
0-6=4 


d= ? Ans. 


Fr = V(FY + (F? — 2(F)(F) cos (180° = 0) 
Since cos (180° — 0) = —cos 0 


Fr = F(V2)V1 + cos @ 


Since cos (2) =, jess 
2 2 


Then 


Fr = 2F cos( 5) Ans: 
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2-23. 


Two forces act on the screw eye. If F = 600 N, determine y 
the magnitude of the resultant force and the angle 0 if the 
resultant force is directed vertically upward. 


SOLUTION 


The parallelogram law of addition and triangular rule are shown in Figs. a and b 
respectively. Applying law of sines to Fig. b, 


sin@ _ sin 30° 
600 500 ° 


sin ð = 0.6 6 = 36.87° = 36.9° Ans. 


Using the result of 0, 


WA 
R o o ( s [e] 30 7 
ġ = 180° — 30° — 36.87° = 113.13 Pee 
Again, applying law of sines using the result of ¢, ay k 
8 
F 500 500) 
- E aap Pe ISIN = ON Ans. À 
sin 113. sin (a) È) 
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*2-24, 


Two forces are applied at the end of a screw eye in order to y 
remove the post. Determine the angle 0 (0° = 0 = 90°) 
and the magnitude of force F so that the resultant force 
acting on the post is directed vertically upward and has a 
magnitude of 750 N. 


SOLUTION 


Parallelogram Law: The parallelogram law of addition is shown in Fig. a. 


Trigonometry: Using law of sines (Fig. b), we have 


sino _ sin 30° 


750 500 


sin ġ = 0.750 
œ = 131.41° (By observation, 6 > 90°) 
Thus, 
0 = 180° — 30° — 131.41° = 18.59° = 18.6° Ans, 


F 500 
sin 18.59° sin 30° 


F = 319N Aus. 
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2-25. 


The chisel exerts a force of 20 lb on the wood dowel rod which 4 
is turning in a lathe. Resolve this force into components acting 
(a) along the n and t axes and (b) along the x and y axes. 


SOLUTION x 
a) F, = — 20cos45° = — 14.1 lb Ans. 

F, = 20 sin 45° = 14.1 lb Ans. 
b) F, = 20 cos 15° = 19.3 Ib Ans. 

F, = 20 sin 15° = 5.18 Ib Ans. 


2obb 


(4) (b) 
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2-26. 


The beam is to be hoisted using two chains. Determine the 


y 
magnitudes of forces F} and F, acting on each chain in order 
to develop a resultant force of 600 N directed along the Fg Fy 
positive y axis. Set 0 = 45°. ` 
8 30 
SOLUTION 
Fa 600 
E P AEE F, = 89N Ans. 
sin 45° sin 105°’ a = 
F, 600 
B =. =31N Ans. 
sin 30° sin 105° 
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2-27. 


The beam is to be hoisted using two chains. If the resultant 
force is to be 600 N directed along the positive y axis, 
determine the magnitudes of forces F, and F} acting on 
each chain and the angle 6 of F, so that the magnitude of F} 
is a minimum. F , acts at 30° from the y axis, as shown. 


SOLUTION 


For minimum F}, require 


6 = 60° Ans. 
F4 = 600 cos 30° = 520 N Ans. 
Fg = 600 sin 30° = 300 N Ans. 


fz=600N 
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*2-28. 


If the resultant force of the two tugboats is 3 KN, directed 
along the positive x axis, determine the required magnitude 
of force F; and its direction 6. 


SOLUTION 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, 
respectively. 


Applying the law of cosines to Fig. b, 


Fg = VZ + 3% — 2(2)(3)cos 30° 
= 1.615KN = 1.61kN Ans. 


Using this result and applying the law of sines to Fig. b, yields 


< 
sin@ _ sin 30° 5 O 
5 TAS 0 = 38.3 Alt CSF D 
S N 
$ g A 
©. C N 
oS S 
Fas? Hv” 
S SF OD < 
OP PL ON N 
SF SP © 
WP SOOO 
S E ENS 
SLN Pe 
ANTA 
>A O WL LO 
CANN 
FN OS? AEL 
ENE RON 
FO OS & 
Vd? Fw N 
© y © O @& 
WOOP SS 
ct 2 % es 
OG ATO 
OCS 
eS SF oO 
Lee? 
PO 
S 
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2-29. 


If Fg = 3 kN and 6 = 45°, determine the magnitude of the 
resultant force of the two tugboats and its direction 
measured clockwise from the positive x axis. 


SOLUTION 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, 
respectively. 


Applying the law of cosines to Fig. b, 


Fr = VZ + 32 — 2(2)(3) cos 105° 
= 4.013 kN = 4.01 kN 
Using this result and applying the law of sines to Fig. b, yields 


sina sin 105° A 
3 4013 ane ee 


Thus, the direction angle p of Fg, measured clockwise from the positive x axisis xé 
30° = 46.22° — 30° = 16.2° X a 
g=a : i R <3 
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2-30. 


If the resultant force of the two tugboats is required to be 
directed towards the positive x axis, and Fz is to be a 
minimum, determine the magnitude of Fr and Fz and the 
angle 0. 


SOLUTION 


For Fz to be minimum, it has to be directed perpendicular to Fr. Thus, 


6 = 90° Ans. 


The parallelogram law of addition and triangular rule are shown in Figs. a and b, 
respectively. 


By applying simple trigonometry to Fig. b, 
Fp = 2sin 30° = 1 KN Ans. 


Fr = 2 cos 30° = 1.73 kN Ans. 
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2-31. 


Three chains act on the bracket such that they create a 
resultant force having a magnitude of 500 Ib. If two of the 
chains are subjected to known forces, as shown, determine 
the angle 6 of the third chain measured clockwise from the 
positive x axis, so that the magnitude of force F in this chain 
is a minimum. All forces lie in the x-y plane. What is the 
magnitude of F? Hint: First find the resultant of the two 
known forces. Force F acts in this direction. 


SOLUTION 


Cosine law: 


Fr, = V300? + 200? — 2(300)(200) cos 60° = 264.6 Ib 


Sine law: 


sin (30° + 0) _ sin 60° 
200 264.6 


6 = 10.9° Ans. 


When F is directed along Fp,, F will be minimum to create the resultant force. 
Fr = Fr + F 
500 = 264.6 + Frin 


Fin = 235 Ib Ans; 
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*2-32. 


Determine the x and y components of the 800-Ib force. 


SOLUTION 


= 
| 


800 sin 40° = 514 lb Ans. 


F, = —800 cos 40° = —613 Ib Ans. 
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2-33. 


Determine the magnitude of the resultant force and its 
direction, measured counterclockwise from the positive x axis. 


F; = 750N 


SOLUTION 
4 
5 Fr, = DF; Fr, = z (850) — 625 sin 30° — 750 sin 45° = —162.8 N 
F, = 625 N 
3 

+ TFr, = EF; Fry = —% (850) — 625 cos 30° + 750 cos 45° = -520.9 N 

Fr = V (=162.8} + (—520.9)2 = 546 N Ans. 

—520.9 
ren -1 = o 
dé = tan Eg 72.64 
@ = 180° + 72.64° = 253° Ans 
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2-34. 


Resolve F; and F; into their x and y components. 


SOLUTION 
F, = {400 sin 30°(+i)+400 cos 30°(+j)} N 
1 = {400 sin 30°(+i) cos 30°(+j)} F, = 250N 

= {200i+346j} N Ans. 
F, = {250 cos 45°(+i)+250 sin 45°(—j)} N 

= {177i+177j} N Ans. 

4 
Fy (Fy 40teas30°W) 4 


/ ` 


R3 = ’ 
(E) 250 SAEN 
DE, 


E=250N 
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2-35. 


Determine the magnitude of the resultant force and its 
direction measured counterclockwise from the positive x axis. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of F; and 
F, can be written as 


(F}), = 400 sin 30° = 200 N (F1), = 400 cos 30° = 346.41 N 


(Fp), = 250 cos 45° = 176.78N (F3), = 250 sin 45° = 176.78 N 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


=, L(Fr)y = TFS (Fr), = 200 + 176.78 = 376.78 N Ans. 
+Tr(FR)y = $F; (Fr)y = 346.41 — 176.78 = 169.63 N T Y 
The magnitude of the resultant force Fẹ is fA (Fady= 16793 
N 
1 ~ 
Fr = V(F re + (Fr) = V376.78° + 169.63? = 413 N Ans. Ye rea 
The direction angle 0 of Fr, Fig. b, measured counterclockwise front thecpositive Gage’ 
axis, is BS Rie 
ÉZ R= N b 
0 = tan | = tan ( 7863) = 242° Ans. y - i 
(Fr)x 376.78 ; @) 
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*2-36. 


Resolve each force acting on the gusset plate into its x and 
y components, and express each force as a Cartesian vector. 


F; = {900(+i)} = {900i} N Ans. 
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N 

= {530i + 530j} N Ans. 

4\ oe 

F; = feso( 3 Jen + 650 G)? N 

= {520i — 390j)} N Ans. 4 i 

(y= 70 5in5’ N 
+ Ę=750N Ck" bsolt)N 


ath 

a See 
I 
1 
1 


7 ay x< jja ~~" 5 =650N 
(katso cosas'n B) 690046 )N 


>t 
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2-37. 


Determine the magnitude of the resultant force acting on 
the plate and its direction, measured counterclockwise from 
the positive x axis. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of Fy, F, 
and F; can be written as 


(Fi) = 900 N (Fi) = 0 
(F 2), = 750 cos 45° = 530.33N (F2), = 750 sin 45° = 530.33 N 
4 3 
(F3); = 6s0( 2) = 520N (F3); = 6s0( 2) = 390 N 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


$ (Fr = EF; (Fr)x = 900 + 530.33 + 520 = 1950.33 N —> 


+T3(F,), = XF; (Fr); = 530.33 — 390 = 140.33 N Î 


The magnitude of the resultant force Fẹ is 


Fr = V(Frc + (Fr)? = V 1950.33? + 140.33? = 1955 N = 1.96 KN Ans 


The direction angle 6 of Fr, measured clockwise from the positive x axis, is 


Fp), 3 
0 = tan s = tan 140.33 ) = 4.12° ‘Ans, 


4 


(Fr)x 1950.33 


CFaly=/40-33N 
[| SA ne Fa 


Grek = 1950: 33 
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2-38. 


Express each of the three forces acting on the column in 
Cartesian vector form and compute the magnitude of the 
resultant force. 


SOLUTION 


3 4 
F, = 150/( i 130( Ji 
5 5 


F, = {90i — 120j} Ib 


F, = {—275j} Ib 


F; = —75 cos 60°i — 75 sin 60°j 


F; = {—37.5i — 65.0j} Ib 


Fx = =F = {52.5i — 460j} Ib 


Fg = V(52.5)2 + (—460)? = 463 Ib 
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Ans. 


ATS: 


y 
F, = 275 lb 
F = 150 Ib F, = 75 lb 
4N5 
3 60° 
i x 
rat B, 
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2-39. 


Resolve each force acting on the support into its x and 
y components, and express each force as a Cartesian vector. F, = 600 N F, = 800 N 


SOLUTION eax 
F, = {800 cos 60°(+i) + 800 sin 60°(+j)} N 
= {400i + 693j} N Ans. 
F, = {600 sin 45°(—i) + 600 cos 45°(+j)} N Ans. 


= {-424i + 424j} N 


r= feso( an +0s0(S)-p}N am 


= {600i — 250j} N 


4 Sinbo’N 
| us j 8 oon gj Pere 4 
ily Br boll Ha) N 


| (F) 7800 Ces 2°N (he -Goo Sine "N Ey EA Ha N 
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*2-40. 


Determine the magnitude of the resultant force and its 
direction 0, measured counterclockwise from the positive 
x axis. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of F4, Fy, 
and F; can be written as 


(F 1), = 800 cos 60° = 400 N (F1), = 800 sin 60° = 692.82 N 


(Fp), = 600 sin 45° = 424.26N (F3), = 600 cos 45° = 424.26 N 


12 5 
(F3), = 6s0( +) = 600N (F3)y = 650 (=) = 250N 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


$ 3(Fp)x = EF; (Fp), = 400 — 424.26 + 600 = 575.74N > 


+Î (Fr), = EF; (Fr), = — 692.82 + 424.26 — 250 = 86x08 NI 


The magnitude of the resultant force Fp is 


Fr = V(Fp) e + (Fr)y = V/575.742 + 867.082 = 1041 NÆ 1:04 kNC Ans. 


The direction angle 0 of Fr, Fig. b, measured counterclockwise fromthe positive 
xX axis, iS 


2 aa (EN 
0 = tan! Z| = tan! = 564° Ans. 
fc Rx an \ 575.28 
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2-41. 


Determine the magnitude of the resultant force and its 
direction measured counterclockwise from the positive x axis. 


SOLUTION 


1 1 
F, = —60 i+ 60 j = {42.431 + 42.439} Ib 


F, = —70 sin 60°i — 70 cos 60°j = {—60.62i — 35j} Ib 
F; = {—50 j} lb 


Fr = SF = {—103.05i — 42.57j} Ib 


Fr = V(—103.05)2 + (42.57)? = 111 Ib 


Ans. 
6! tan-*( a ) 22.4° 
103.05 i 
0 = 180° + 22.4° = 202° Ans. 
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2-42. 


Determine the magnitude and orientation 0 of F} so that 
the resultant force is directed along the positive y axis and 


has a magnitude of 1500 N. 
SOLUTION 
Scalar Notation: Summing the force components algebraically, we have 
5 Fp = =F; 0 = 700 sin 30° — Fz cos 0 
Fg cos 0 = 350 (68) 
+l Fg, = SF): 1500 = 700 cos 30° + Fp sin 0 
Fpgsin 0 = 893.8 (2) 


Solving Eq. (1) and (2) yields 


0 = 68.6° Fg = 960 N Ans. 


| Fp = 1500N 
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2-43. 


Determine the magnitude and orientation, measured 
counterclockwise from the positive y axis, of the resultant 
force acting on the bracket, if Fg = 600 N and 0 = 20°. 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


700 sin 30° — 600 cos 20° 


Fp = IF, Fr. 
= —213.8 N = 213.8 N — 


+ÎFpr, = =F 


y 
Es) 
I 


700 cos 30° + 600 sin 20° 


= 8114NT 


The magnitude of the resultant force Fr is 


Fr = VFR + FR = V213.8 + 811.4 = 839 N Ans: 


The direction angle 0 measured counterclockwise from the positive y axis is 


F 213.8 
6 = tan! ee = 14.8° Ans. 
Fr, 811.4 
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*2-44, 


The magnitude of the resultant force acting on the bracket 
is to be 400 N. Determine the magnitude of F; if 6 = 30°. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of F4, Fy, 
and F; can be written as 


(F,), = F; cos 30° = 0.8660F; (Fi)y = Fisin 30° = 0.5F 


(Fo)x = 6s0(2) = 390 N (F2); = 650 (2) = 520N 


(F3), = 500 cos 45° = 353.55 N (F3)y = 500 sin 45° = 353.55 N 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


$ (Fay = EF, (Fr), = 0.8660F, — 390 + 353.55 
= 0.8660F, — 36.45 


+Î5(Fpr), = EF, (Fr)y = 0.5F; + 520 — 353.55 
= 0.5F; + 166.45 


Since the magnitude of the resultant force is Fr = 400 N, we ean-write 
Fr = V(Fp) + (Fry 


400 = V (0.8660F; — 36.45)? + (0,5F; +166.457 


F,2 + 103.32F; — 130967.17 =0 Ans. 


Solving, 


F, = 314N or Fi 4E N Ans. 


The negative sign indicates that F? =-417 Nmustàct in ‘the opposite sense to that 
shown in the figure. 
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2-45. 


If the resultant force acting on the bracket is to be directed 
along the positive u axis, and the magnitude of F} is 
required to be minimum, determine the magnitudes of the 
resultant force and F}. 


SOLUTION 


Rectangular Components: By referring to Figs. a and b, the x and y components of 
F,, F,, F3, and Fp can be written as 


(Fi)x = Fi cos (Fi)y = Fising 


(Fo), = 6s0(2) = 390 N (Fp), = 650 (2) = 520N 


(F3); = 500 cos 45° = 353.55N (F3), = 500 sin 45° = 353.55 N 


(Fp); = Fr cos 45° = 0.7071 F p (Fr), = Fasin 45° = 0.7071 Fp 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


$ E(Fr) = EF; 0.7071 Fr = F; cos ġ — 390 + 353.55 (a) 
+ÎE(Fr) = EF, 0.7071 Fe = F, sin + 520 — 353.55 (2) 


Eliminating Fz from Eqs. (1) and (2), yields 


F< 202.89 RS 


cos @ — sin 
The first derivative of Eq. (3) is 


dF, sind KEOS & 


= 4 
db (cos @)— sity)” 9 
The second derivative of Eq. (3) is 
F 2(sined +. 608 p)? 1 
1 _ 2(sined + 608 4)? ‘5 


dé” (cos de> sinp cos’ — sind 


dF 
For F, to be minimum, A = 0. Thus, from-Eq. (4) 


sind + cos @ = 0 

tan ġ = -1 

p = —45° 
Substituting @ = —45° into Eq. (5), yields 


PF 
ig 0.7071 > 0 (b) 
This shows that ¢ = —45° indeed produces minimum F4. Thus, from Eq. (3) Ey 
202.89 (2) 
F, = = 143.47 N = 143 N Ans. 


cos (—45°) — sin (—45°) 
Substituting @ = —45° and F; = 143.47 N into either Eq. (1) or Eq. (2), yields 


Fr=919N Ans. 
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2-46. 


If the magnitude of the resultant force acting on the bracket 
is 600 N, directed along the positive u axis, determine the 
magnitude of F and its direction ¢. 


SOLUTION 


Rectangular Components: By referring to Figs. a and b, the x and y components of 
F,, F,, F3, and Fp can be written as 


(Fi)x = Fi cos b (Fi); = Fising 


(Fo). = 6s0(2) = 390 N (F2), = 650 (2) = 520N 


(F3), = 500 cos 45° = 353.55 N (F3)y = 500 cos 45° = 353.55 N 


(Fr), = 600 cos 45° = 424.26 N (Fr), = 600 sin 45° = 424.26 N 


Resultant Force: Summing the force components algebraically along the x and 
y axes, we have 


2 X(Fr), = YF ys 424.26 = F; cos ġ — 390 + 353.55 a) 
F, cos @ = 460.71 


+ÎS(Fp), = SF; 424.26 = F; sing + 520 — 353.55 2) 
F, sin @ = 257.82 


Solving Eqs. (1) and (2), yields 


= 29.2° F, = 528N Ans. 
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2-47. 


Determine the magnitude and direction 0 of the resultant 
force Fg. Express the result in terms of the magnitudes of 
the components F; and F, and the angle ¢. 


SOLUTION 
FR = Fi. + F} — 2F,F cos (180° — ¢) 


Since cos (180° — ¢$) = —cos ¢, 


Fr = VF? + F} + 2K, Roos ġ Ans. 
From the figure, 
F; sin gd 

tan 0 = ———__—_- 
ie F, + F; cos ġ 

F sin 
6 = tan”! Ans: Fa he 

oF (z + F cos z) as icosd 
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*2-48. 


If F; = 600 N and ¢ = 30°, determine the magnitude of the y 
resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of each 
force can be written as 


(Fi), = 600 cos 30° = 519.62N (F,), = 600 sin 30° = 300 N 


(F,), = 500 cos 60° = 250N — (F)y = 500 sin 60° = 433.01 N 
3 4 
(F); = 450(2) = 270N (F), = aso( $) = 360 N 


Resultant Force: Summing the force components algebraically along the x and y axes, 


5 (FR), = EF,; (Fp), = 519.62 + 250 — 270 = 499.62N —> 


+1 3(Fr)y = =F); (Fr)y = 300 — 433.01 — 360 = —493.01 N = 493.01 N | 


The magnitude of the resultant force Fp is 


Fr = V (Fp)2 + (FR)? = V499.62? + 493.0 = 701.91 N = 702 N Ans 


The direction angle 0 of Fp, Fig. b, measured clockwise from the x<axis;is 


(Fr)y 
6 = tan! l aa tan`! ERLAMA 44,6° Ans. 


(Fr)x 


(2 2 499.G2N 


wa A 


lady = 493.01N 
(b) 
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2-49, 


If the magnitude of the resultant force acting on the 
eyebolt is 600 N and its direction measured clockwise from 
the positive x axis is 0 = 30°, determine the magnitude of 
F; and the angle ¢. 


SOLUTION 


Rectangular Components: By referring to Figs. a and b, the x and y components of 
F,, F,, F;, and Fp can be written as 


(Fi), = Fi cos } (Fi), = F sin 

(F,), = 500 cos 60° = 250 N (Fy), = 500 sin 60° = 433.01 N 
3 4 

(F3)x = 4s0(2) = 270N (5); = aso( $) = 360 N 


(Fr)x = 600 cos 30° = 519.62 N (Fr)y = 600 sin 30° = 300 N 
Resultant Force: Summing the force components algebraically along the x and y axes, 
5 (Fr) = EF,; 519.62 = F; cos + 250 — 270 
F, cos ġ = 539.62 a) 
+1 E(FR)y = =F,; —300 = F sin d — 433.01 — 360 
F; sin ġ = 493.01 (2) 
Solving Eqs. (1) and (2), yields 


o = 42.4° F, = 731N Ans. 
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2-50. 
Determine the magnitude of F} and its direction 0 so that 


the resultant force is directed vertically upward and has a 
magnitude of 800 N. 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


4 
5 Fp, = IF; Fr, = 0 = F sin 0 + 400 cos 30° — soo $) 


F, sin 6 = 133.6 (1) 


3 
+1 Fr, = ZF; Fr, = 800 = F; cos 6 + 400 sin 30° + sof 2) 
F, cos 6 = 240 (2) 
Solving Eqs. (1) and (2) yields 


0 = 29.1° F = 275N Ans: 


Fz = 800 
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2-51. 
Determine the magnitude and direction measured 


counterclockwise from the positive x axis of the resultant 


force of the three forces acting on the ring A. Take 
F, = 500 N and 0 = 20°. 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


4 
Fp = F,; Fg, = 500 sin 20° + 400 cos 30° — sof $) 


= 37.42 N > 


3 
+ÎFr, = =F; Fp, = 500 cos 20° + 400 sin 30° + sof 2) 


= 1029.8 N ft 


The magnitude of the resultant force Fp is 


Fe = VFR, + FR, = V37.42? + 1029.8? = 1030.5N = 1.03 kN Ans. 
The direction angle 6 measured counterclockwise from positive x axis is | 
Fr, 1029.8 A 
0 = tant- =t A 2) = 879 Ans. 
an Fe, an | 37.49 nis. | k 


i ~3742N 
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*2-52. 
Determine the magnitude of force F so that the resultant Fg 


of the three forces is as small as possible. What is the 
minimum magnitude of Fr? 


5KN 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


5 FR, = XF,; Fr =5- Fsin30° 
= 5 — 0.50F > 
+ [Fe = SF); Fr, = F cos 30° — 4 
= 0.8660F — 47 
The magnitude of the resultant force Fr is 


= V(5 — 0.50F)? + (0.8660F — 4) 


= VF? — 11.93F + 41 (ab) 
Fey eee R 
FR = F? — 11.93F + 41 ; I^ 
e ' 
dF g 7 
2F r—— = 2F — 11.93 2 he 
RAF 2) | 
d@Fg dFgęg dFpg 
F t x =Å 3 
( RAF dF ^ dF o 


dF 
In order to obtain the minimum resultant force Fp, = 0. From Eq. (2) 


ak 
oF AFR SOR 1493 =20 
R aR : 
F = 5:964 KN ='5.96 kN Ans. 


Substituting F = 5.964 kN into Eq. (1), we have 


Fr = V5.9642 — 11.93(5.964) + 41 


= 2.330 kN = 2.33 kN Ans. 


dF 
Substituting Fr = 2.330 kN with a = 0 into Eq. (3), we have 


@F 
(2.330) age ee 


Fp 
> = 0.429 > 0 
dF 


Hence, F = 5.96 KN is indeed producing a minimum resultant force. 
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2-53. 
Determine the magnitude of force F so that the resultant 
force of the three forces is as small as possible. What is the 


magnitude of the resultant force? 


8kN 


SOLUTION 
Sie ors Fr, = 8 — F cos 45° — 14 cos 30° 
= —4.1244 — F cos 45° 
+) Fe EF,; Fry = —F sin 45° + 14 sin 30° 
= 7 — F sin 45° 
FR = (—4.1244 — F cos 45°)? + (7 — F sin 45°)* () 
dF p e . ' 
2F Rr dF > 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin 45°) = 0 
o a 
F = 2.03 kN Ans, ven cS o 
29° 45S 
From Eq. (1); Fp = 7.87 KN ‘Ans: SKN 


Also, from the figure require 


>’ 
(Fre = 0= IF, F + 14sin 15° — 8cos 45° = 0 
F = 2.03 kN Ans, 
(Fry = UFy; Fr = 14cos 15° — 8 sin 45° 
Fr = 787kN Ans. 
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2-54, 
Three forces act on the bracket. Determine the magnitude and 


direction 0 of F; so that the resultant force is directed along the 
positive x’ axis and has a magnitude of 1 KN. 


SOLUTION 


5S Fr, = XF,; 1000 cos 30° = 200 + 450 cos 45° + F, cos(@ + 30°) 


+ T Fry = =F,; —1000 sin 30° = 450 sin 45° — F; sin(@ + 30°) 


F, sin(6 + 30°) = 818.198 
F, cos(@ + 30°) = 347.827 
@ + 30° = 66.97°, 6 = 37.0° Ans. 


F, = 889N Ans. 
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2-55. 
If F, = 300 N and 0 = 20°, determine the magnitude and 


direction, measured counterclockwise from the x’ axis, of 
the resultant force of the three forces acting on the bracket. 


SOLUTION 


5 Fp, = IF,; F rx = 300 cos 50° + 200 + 450 cos 45° = 711.03 N 


+ ÎFry = EF; Fry = —300 sin 50° + 450 sin 45° = 88.38 N 


Fr = V (711.03)? + (88.38) = 717 N 


88.38 
¢' (angle from x axis) = in| S| 


$' = 7.10° 
ġ (angle from x’ axis) = 30° + 7.10° 


$ = 37.1° 


Ans, 


Ans. 
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*2-56. 
Three forces act on the bracket. Determine the magnitude and 


direction 0 of F, so that the resultant force is directed along 
the positive u axis and has a magnitude of 50 Ib. 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


5 
4 Fp, = EF; 50 cos25° = 804 (5) + Fycos (25° + 0) 


F, cos (25° + 0) = —54.684 a) 
. 12 : 
+1 Fr, = =F;  —50 sin 25° = 5232) — F sin (25° +6) 


Fy sin (25° + 6) = 69.131 (2) 
Solving Eqs. (1) and (2) yields 
25° + 0 = 128.35° 0 = 103° Ans: 


F, = 88.1 lb Ans. 
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2-57. 
If F, = 150 lb and 0 = 55°, determine the magnitude and 


direction, measured clockwise from the positive x axis, of the 
resultant force of the three forces acting on the bracket. 


SOLUTION 


Scalar Notation: Summing the force components algebraically, we have 


5 
Sr = =F; Fe = 804 (5) + 150 cos 80° 


= 126.05 lb > 
12 ae 
+Î Fr = SF; Fe, = s2(32) — 150 sin 80 


= —99.72 Ib = 99.72 lb | 


The magnitude of the resultant force Fp is 


Fr = VFR, + F} = V126.05? + 99.72? = 161 Ib Ans. 


The direction angle 0 measured clockwise from positive x axis is 


Fr, 99.72 
= tan !— = tan! : = 38.3° Ans. 
ee tan Fe © (22) Gi 
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2-58. 


If the magnitude of the resultant force acting on the bracket y 
is to be 450 N directed along the positive u axis, determine 
the magnitude of F} and its direction ¢. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of F}, F,, 
F,, and F, can be written as 


(Fi); = F, sind (Fi), = F cos b 
(F,), = 200 N (P), = 0 
5 12 
(F3)x = 20o( 5) = 100N (B) = 20 12) = 240 N 


(Fr)x = 450 cos 30° = 389.71 N (Fr)y = 450 sin 30° = 225 N 


Resultant Force: Summing the force components algebraically along the x and y axes, 
5 (Fr) = EF; 389.71 = F, sing + 200 + 100 
F, sin @ = 89.71 (68) 
+ÎE(Fr), = DF; 225 = F cos ġ — 240 
F; cosd@ = 465 (2) 
Solving Eqs. (1) and (2), yields 


o = 10.9° F, = 414 N Ans. 
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2-59. 


If the resultant force acting on the bracket is required to be y 
a minimum, determine the magnitudes of F; and the 
resultant force. Set ¢ = 30°. 


SOLUTION 


Rectangular Components: By referring to Fig. a, the x and y components of F}, F,, 
and F, can be written as 


(F); = F, sin 30° = 0.5F; (Fi), = A cos 30° = 0.8660F; 
(F)), = 200 N (A), = 0 

5 12 
(F); = 260( 2.) = 100N (F3)) = 260( +2) = 240 N 


Resultant Force: Summing the force components algebraically along the x and y axes, 


+S (Fr), = XF; (Fr): = 0.5F, + 200 + 100 = 0.5F, + 300 


+1 =(Fr)y = TF; (Fr)y = 0.8660F, — 240 


The magnitude of the resultant force Fp is 
Fr = V (FR) + (Fr); 


= V(0.5F, + 300)? + (0.8660F, — 240) 


= VF? — 115.69F, + 147 600 (a) 


Thus, 


FR = F? — 115.69F, + 147 600 (2) 


The first derivative of Eq. (2) is 


2Fr 2E = ae ad o 3 
Rap, R à (3) 
`. dFR 
For Fp to be minimum, AF Z 0<Thus, from\Eq. (3) 
1 
oF, ER = 28 115.69= 0 
RGF, 09 -= 
F, = 57.846 N = 57.8 N Ans. 
from Eq. (1), 
Fr = V(57.846} — 115.69(57.846) + 147 600 = 380 N Ans. 
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*2-60. 


The stock mounted on the lathe is subjected to a force of 
60 N. Determine the coordinate direction angle 6 and 
express the force as a Cartesian vector. 


SOLUTION 
1 = Vcos?a + cos? B + cos’ y 
1 = cos? 60° + cos? B + cos? 45° 
x 
cosB = + 0.5 
B = 60°, 120° 
Use 
B = 120° Ans. 
F = 60 N(cos 60° + cos 120°j + cos 45°k) 
= {30i — 30j + 42.4k} N Ans: 
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2-61. 


Determine the magnitude and coordinate direction angles z 
of the resultant force and sketch this vector on the 


dinat tem. 
coordinate system F, = 80 lb 


F, = 130 lb 


SOLUTION | 
F, = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} Ib 


F; = {53.11 — 44.5j + 40k} Ib 
F, = {—130k} Ib 
Fx = F + F, 


Fr = {53.1i — 44.5j — 90.0k} Ib 


Fr = V(53.1)? + (—44.5 + (—90.0)? = 114 Ib Ans. 
a= con 34) = 62.1° Ans, 
B= cos 745) = 113° Ans. 
y= cos 7220) = 142° Ans. 
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2-62. 


Specify the coordinate direction angles of F} and F, and Z 
express each force as a Cartesian vector. 


F, = 801b 


F, = 130 lb 
SOLUTION | : 
x 
F, = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} Ib 
F; = {53.1i — 44.5j + 40k} Ib Ans. 
a, = cost 531) = 48.4° Ans. 
—44.5 
— =] p o 
B cos ( 80 124 Ans. 
40 
= coc 2%) = 60° 
y cos ( 2) 60 Ans. 
F, = {—130k} lb Ans. 
a = cos! as = 90° Ans. 
: 130 j 
B2 = cos! a. = 90° Ans 
g 130 S 
—130 
= =l = o 
Y2 = cos í 30 180 Ans. 
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2-63. 


The bolt is subjected to the force F, which has components 
acting along the x, y, z axes as shown. If the magnitude of F is 
80 N, and a = 60° and y = 45°, determine the magnitudes 
of its components. 


SOLUTION 


cosB = V1 = cosa — cos”y 


= V1 — cos?60° — cos? 45° 


x 
B = 120° 

F, = |80 cos 60°| = 40 N Ans. 

F, = |80 cos 120°| = 40 N Ans. 

F, = |80 cos 45°| = 56.6 N Ans. 


© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by 


Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical, 


photocopying, recording, or likewise. For information regarding permission(s), write to: 
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 


*2-64. 


Determine the magnitude and coordinate direction angles of 
F; = {60i — 50j + 40k} N and F, = {—40i — 85j + 30k} N. 
Sketch each force on an x, y, z reference frame. 


SOLUTION 
F; = 60i — 50j + 40k 
F, = V(60)? + (—50)? + (40)? = 87.7496 = 87.7N Ans. 
60 
= =l = o 
a, = COS (=r 46.9 Ans. 
—50 
Z -1 = o Ans. 
Bı = cos (a) 125 ns 
40 
= cos! = 62.9° Ans. 
ae (ans) r "e 


F, = —40i — 85j + 30k 


F, = V(—40)? + (—85)? + (30)? = 98.615 = 98.6 N Ans. 
a = cos'(*.) = 114° Ans. 
Bo = cos =) = 150° Ans. 
2 cos ( 9 ae z) = 72.3° Ans. 
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2-65. 
The cable at the end of the crane boom exerts a force of . 


250 Ib on the boom as shown. Express F as a Cartesian 
vector. 


SOLUTION 


Cartesian Vector Notation: With a = 30° and 8 = 70°, the third coordinate 
direction angle y can be determined using Eq. 2-8. 


A 5 A F = 250 lb 
cos a + cos“ B + cos’ y = 1 


cos? 30° + cos? 70° + cos? y = 1 


cos y = +0.3647 


y = 68.61° or 111.39° 


By inspection, y = 111.39° since the force F is directed in negative octant. 
F = 250{cos 30°i + cos 70°j + cos 111.39°} Ib 


= {217i + 85.5j — 91.2k} Ib Ans. 
{ j 
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2-66. 


Express each force acting on the pipe assembly in Cartesian 
vector form. 


SOLUTION 
Rectangular Components: Since _cos* a) + cos? B, + cos? yp = 1, then 
cos By = + V1 — cos? 60° — cos? 120° = +0.7071. However, it is required that i= lb 


B2 < 90°, thus, B = cos~'(0.7071) = 45°. By resolving F, and F, into their x, y, and 
z components, as shown in Figs. a and b, respectively, F} and F, can be expressed in 
Cartesian vector form, as 


F, = soo 2) 40 + Of 4 e00( 2) +4) 
= [480i + 360k] Ib Ans. 


F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k 


= [200i + 283j — 200k] Ib Ans. 
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2-67. 


Determine the magnitude and direction of the resultant 
force acting on the pipe assembly. 


SOLUTION 
Force Vectors: Since cos?a, + cos? B, + cos? y, = 1, then cosy, = 
+ V1 — cos? 60° — cos? 120° = + 0.7071. However, it is required that 


B2 < 90°, thus, B = cos 1(0.7071) = 45°. By resolving F, and F, into their x, y, and 
z components, as shown in Figs. a and b, respectively, F| and F, can be expressed in 
Cartesian vector form, as 


F, = sof 2) 40 + Of 4 o| 2) +4) 


= {480i + 360k} Ib 


F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k 


= {200i + 282.84j — 200k} Ib 


Resultant Force: By adding F; and F, vectorally, we obtain Fp. 


Fr=F,_ +E 


= (480i + 360k) + (200i + 282,847 —«200k) 


= {680i + 282.84j + 160k} 1b 


The magnitude of Fp is 


Fr = V(Fp)2 + (Fr)? (FR)? 


= V6802 + 282°8424 160? = 753.66\lb = 754 Ib Ans. 


The coordinate direction angles of Fp are 


| (Fr)x 680 
a= cos] SP l = cos ( 2.) = 25.5° Ans. 
| (Fr)y 282.84 
= =1 = =1 i =s o 
B = cos | Fr cos 753.66 68.0 Ans. 
| (Fr): 160 
y= ai E = cos! 753.66) ~ 77.7° Ans. 
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*2-68. 


Express each force as a Cartesian vector. 


SOLUTION 


Rectangular Components: By referring to Figs. a and b, the x, y, and z components 
of F; and F, can be written as 


(F1); = 300 cos 30° = 259.8 N (F>), = 500 cos 45° sin 30° = 176.78 N 
(Fi), = 0 (F2), = 500 cos 45° cos 30° = 306.19 N 
(Fi); = 300 sin 30° = 150 N (Fz); = 500 sin 45° = 353.55 N 


Thus, F} and F, can be written in Cartesian vector form as 
F; = 259.81(+i) + 0j + 150(—k) 
= {260i — 150k} N Ans. 
F, = 176.78(+i) + 306.19(+j) + 353.55(—k) 


2{177i + 306j — 354k} N Ans. 
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2-69. 


Determine the magnitude and coordinate direction angles z 
of the resultant force acting on the hook. 


SOLUTION 


Force Vectors: By resolving F; and F; into their x, y, and z components, as shown in 
Figs. a and b, respectively, F; and F, can be expessed in Cartesian vector form as 


F, = 300 cos 30°(+i) + Oj + 300 sin 30°(—k) 
= {259.81i — 150k} N F, = 500 N 


F, = 500 cos 45°sin 30°(+i) + 500 cos 45° cos 30°(+j) + 500 sin 45°(—k) 
= {176.78i — 306.19j — 353.55k} N 


Resultant Force: The resultant force acting on the hook can be obtained by vectorally 
adding F; and F). Thus, 


Fr = F, + F, 
= (259.81i — 150k) + (176.781 + 306.19j — 353.55k) 
= {436.58%) + 306.19; — 503.55k} N 


The magnitude of Fp is 


Fr= V(Fr)x + (Fr) (Er 
= V (436.58)? + (306.19)? + (—503.55)* = 73343 N= 733 N Ans. 


The coordinate direction angles of Fp are 


| (Fp)x | 436.58 
0, = cos FO |= cos (FSS) 53.5° Ans. 
| (Fr) | 306A 
0, = cost] Ss dose eX | = 643° Ans. 
[ Ea): | ~503.55 
6. = cos! = vl = o Ans. 
Fr S ( 733.43 ) 133 
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2-70. 


The beam is subjected to the two forces shown. Express each Z 
force in Cartesian vector form and determine the magnitude 
and coordinate direction angles of the resultant force. 


F, = 250 lb 


SOLUTION 


T 24 
rı = 630(2)j 630( 2 )k 


F, = (176.4 j — 604.8k) 


F, = {176j — 605k} lb Ans. 
F, = 250 cos 60°% + 250 cos 135°j + 250 cos 60°k 


F, = (125i — 176.777j + 125k) 


F, = {125i — 177j + 125k} Ib Ans. 
Fz = F +F, 
Fg = 125i — 0.3767j — 479.8k 


Fr = {125i — 0.377j — 480k} Ib 


Fr = V(125)} + (—0.3767)2 + (—479.8)? = 495.82 


= 496 lb Ans. 
a= cos'( 325) = 75.4° Ans. 
B= cos ( P3707) = 90.0° Ans. 
y= cost 5) = 1652 Ans. 
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2-71. 


If the resultant force acting on the bracket is directed along z 
the positive y axis, determine the magnitude of the resultant 
force and the coordinate direction angles of F so that 
B < 90°. 


SOLUTION 


Force Vectors: By resolving F, and F into their x, y, and z components, as shown in 
Figs. a and b, respectively, F, and F can be expressed in Cartesian vector form as 


F, = 600 cos 30° sin 30°(+i) + 600 cos 30° cos 30°(+j) + 600 sin 30°(—k) 
= {259.811 + 450j — 300k} N 


F = 500 cos ai + 500 cos Bj + 500 cos yk 


Since the resultant force Fp is directed towards the positive y axis, then F, = 600 N 
Fr = Frj 

Resultant Force: 

Fk = F; +F 


Frj = (259.81i + 450j — 300k) + (500 cos ai + 500 cos Bj + 500 cos yk) 
Frj = (259.81 + 500 cos a)i + (450 + 500 cos B)j + (500 cos y — 300)k 


Equating the i, j, and k components, 


0 = 259.81 + 500 cos æ 


a = 121.31° = 121° 


Fp = 450 + 500 cos B (1) F=600N 
0 = 500 cos y — 300 (a ) 
y = 53.13° 33.12 Ans. 


However, since cos? a + cos? Bs cos” y =2a =)12131°, and y = 53.13°, 


cos B = V1 — cos? 12131% ~ cos?’5343° = +0.6083 


If we substitute cos B = 0.6083 into Eq?(1), 
Fr = 450 + 500(0.6083) = 754 N 


and 


B = cos! (0.6083) = 52.5° 
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*2-72. 


A force F is applied at the top of the tower at A. If it acts in 
the direction shown such that one of its components lying in 
the shaded y-z plane has a magnitude of 80 Ib, determine its 


magnitude F and coordinate direction angles a, B, y. 


SOLUTION 


Cartesian Vector Notation: The magnitude of force F is 
F cos 45° = 80 F = 113.14 lb = 113 lb Ans. 


Thus, 


F = {113.14 sin 45° + 80 cos 60°) — 80 sin 60°k} Ib 


= {80.01 + 40.0] — 69.28k} Ib 


The coordinate direction angles are 


F, 80.0 
== = 45.0° ans, 
cora nT m aa ~“ a 
F, 400 
Se = 69,3° Ai 
cosB- p Taa Ê S 
F, —69.28 
cos y = Z> y = 128° Ans. 
F 113.14 
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2-73. 


The spur gear is subjected to the two forces caused by < 
contact with other gears. Express each force as a Cartesian 
vector. 

F, = 180 lb 
SOLUTION 


kz 
l 


T. 24 
50)j 50)k = {14.0j — 48.0k} Ib Ans. 
35 60) — 55 (S0)k = {14.0j — 48.0k] ns 


F, = 180 cos 60°i + 180 cos 135°j + 180 cos 60°k 


{90i — 127j + 90k} Ib Ans. 
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2-74. 


The spur gear is subjected to the two forces caused by 
contact with other gears. Determine the resultant of the two 
forces and express the result as a Cartesian vector. 


F, = 180 Ib 
SA 


SOLUTION 


Fr, = 180 cos 60° = 90 


7 
Fry = 5g (50) + 180 cos 135° = —113 


24 
Fre = —5q (50) + 180 cos 60° = 42 F, = 501b 


Fg = {90i — 113j + 42k} Ib Ans. 
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2-75. 


Determine the coordinate direction angles of force F}. 


SOLUTION 


Rectangular Components: By referring to Figs. a, the x, y, and z components of F; 
can be written as 


(F), = soo 2) cos30°N (F), = soo 2) sin30°N (F), = sof 2) N 


Thus, F; expressed in Cartesian vector form can be written as 
F = TE cos 30°(+i) + : sin 30°(—j) + 2(+0} N 
= 600[0.6928i — 0.4j + 0.6k] N 
Therefore, the unit vector for F} is given by 


_ F,__ 600(0.6928i — 0.4j + 0.6k 
1 600 


Ur = 0.69281 — 0.4j + 0.6k 


The coordinate direction angles of F} are 


a= cos |(up,), = cos !(0.6928) = 46.1° Ans. KR 
B= cos '(up,)y = cos ™!(—0.4) = 114° Ans. (2) 
y= cos |(up,)z = cos !(0.6) =53.1° Ans. 
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*2-76. 


Determine the magnitude and coordinate direction angles 
of the resultant force acting on the eyebolt. 


SOLUTION 


Force Vectors: By resolving F; and F; into their x, y, and z components, as shown in 
Figs. a and b, respectively, they are expressed in Cartesian vector form as 


4 4 3 
F, = e00( eos 30°(+i) + soo $ sin 30°(—j) + e0o( 2) +4) 
= {415.691 — 240j + 360k} N 
F, = 0i + 450 cos 45°(+j) + 450 sin 45°(+k) 


= {318.20j + 318.20k} N 


Resultant Force: The resultant force acting on the eyebolt can be obtained by 
vectorally adding F, and F,. Thus, 


Frp=F,+F 


= (415.691 — 240j + 360k) + (318.20j + 318,20k) 


= {415.691 + 78.20] + 678.20k} N 


The magnitude of Fp is given by 


Fr = VF + (Foy + Fade? č 
=V (415.69)? + (78.20) #467820) = 799,29 N= 799 N Ans. 
Ee 
The coordinate direction angles of FR are + K 
a| Fads F es B=450N 
= al la xX 1 == o 
a = cos Fe | cos 709 29 58.7 Ans. $ I 


ae 45° 
fry] S/7820\_ Ma 
B = cos Fr | cos (= 84.4 Ans. Č 


| Fade] _ cos (S 2) Ar +] E hes 


Fr | = 32.0° Ans. 
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2-77. 


The cables attached to the screw eye are subjected to the 
three forces shown. Express each force in Cartesian vector 
form and determine the magnitude and coordinate direction 
angles of the resultant force. 


SOLUTION 


Cartesian Vector Notation: 

F, = 350{sin 40°j + cos 40°k} N 
= {224.98j + 268.12k} N 
= {225j + 268k} N 


F, 


100{cos 45°i + cos 60°j + cos 120°k} N 


{70.71i + 50.0] — 50.0k} N 


= {70.7i + 50.0j — 50.0k} N 

F, = 250{cos 60°i + cos 135°j + cos 60°k} N 
= {125.0i — 176.78j + 125.0k} N 
= {125i — 177j + 125k} N 

Resultant Force: 


Fr = F +F, +F 


F =350N 


Ans. 


Ans, 


Ans. 


= {(70.71 + 125.0)i + (224.98 + 50.0 — 176.78) +(268.42°— 500 4125.0)k} N 


= {195.71i + 98.20j + 343.12k} N 


The magnitude of the resultant force is 
Fr = VFR FR, toh, 


=40195.712,498.20? +°343.122 


= 407.03.N = 407 N 


The coordinate direction angles are 


Fr, 195.71 
gee = 61.3° 
cosa T Fe 407.03 | 
Fr, 98.20 
epee tere = 76.0° 
ae aon 
Fr. 343.12 
Spe eee = 32.5° 
SSE ay a Y 


Ans. 


Ans. 


Ans. 


Ans. 
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2-78. 


Three forces act on the ring. If the resultant force Fp has a 


Z 
magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force F}. F 

j 3 

Fp =120N 
F, =110N 
SOLUTION 
Cartesian Vector Notation: F, = 80N, 5 45° 
3 
Fr = 120{cos 45°sin 30°i + cos 45°cos 30°j + sin 45°k} N p r 
= {42.43i + 73.48j + 84.85k} N 


4 3 
F, = sofá 5 x} N = {64.01 + 48.0k} N 


F, = {-110k} N 
F; = {i+ jt F; k} N 
Resultant Force: 


Fk=F +F +F 


[42.43i + 73.48j + 84.85k} = {(64.0 + F) i + Fs j + (48.0 — 110 + Rd) k} 
Equating i, j and k components, we have 
64.0 + F = 42.43 F, = -2157N 
F = 73.48N 


48.0 — 110 + Fy = 84.85 F;_ = 146.85N 
The magnitude of force F; is 
Fy = VF} + F3, + EX 


= V(-21.57)P¢ 73.482 +946 85? 


= 165.62.N,= 166 N Ans. 


The coordinate direction anglesfor F, are 


E, —21.57 
cosa = F, = 16562 a = 97.5 Ans. 
F3, 73.48 
= = = 63.7° Ans. 
cos B = -E T T6562 p ma 
F3. 146.85 
= =ï = = 27.5° Ans. 
ES F, 165.62 y ‘a 
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2-79, 


Determine the coordinate direction angles of F, and Fp. z 
F; 
Fp =120N 
F,=110N 
SOLUTION 
Unit Vector of F, and Fp: F; =80N 5 455 
4. 3 A i 
up, = Zİ + Tk = 08i + 0.6k 20 


Ur = cos 45° sin 30°i + cos 45° cos 30°j + sin 45°k 


= 0.35361 + 0.6124j + 0.7071k x 


Thus, the coordinate direction angles F} and Fp are 


cos ap, = 0.8 ap, = 36.9° Ans. 
cos Br, = 0 Br, = 90.0° Ans. 
cos yp, = 0.6 YF, = 53.1° Ans. 
COS æg = 0.3536 ær = 69.3° Ans. 
cos Br = 0.6124 Br = 52.2° Ans. 
cos Yr = 0.7071 Yr = 45.0° Ans. 
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*2-80. 


If the coordinate direction angles for F} are a3 = 120°, z 
B3 = 45° and y, = 60°, determine the magnitude and 
coordinate direction angles of the resultant force acting on 800 Ib 
the eyebolt. 
F, = 600 Ib 
SOLUTION = 


Force Vectors: By resolving F}, F, and F; into their x, y, and z components, as shown 
in Figs. a, b, and c, respectively, F}, F, and F; can be expressed in Cartesian vector 
form as 


F, = 700 lb 


F, = 700 cos 30°(+4) + 700 sin 30°(+j) = {606.221 + 350j} Ib 


4 3 
F, = 0i 4 oo| $e ' ($ )(44) = {480j + 360k} Ib 
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = [—400i + 565.69j + 400k] Ib 


Resultant Force: By adding F, F, and F; vectorally, we obtain Fr. Thus, 


Fp=F,+F,+F; 


= (606.221 + 350j) + (480j + 360k) + (—400i + 565.695 + 400k) 


= [206.221 + 1395.69j + 760k] Ib 


The magnitude of Fp is 


Fr = V(Fa)x? + (Fry? + (Fr)? 


= V (206.22)? + (1395.69)? + (760)? = 1602.52 I= 1:60 kip- Ans. 


The coordinate direction angles of Fp are 


| (FR) | 206.22 
a= cos] ER | = cosa AO) = 826° Ans. 
[ (Fr)y] 1395.69 
B= cos] Fg : { = oo BES) =,29.4° Ans. 
[ (Fre ( 760 ) 
= cos! =| =Cos? = 61.7° Ans. 
Ye OS Fe | SONN E52 a 
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2-81. 


If the coordinate direction angles for F; are a3 = 120°, z 
B3 = 45° and y, = 60°, determine the magnitude and 
coordinate direction angles of the resultant force acting on F; = 800 lb 
the eyebolt. 


F, = 600 Ib 
SOLUTION 2 
Force Vectors: By resolving F}, F, and F; into their x, y, and z components, as shown 
in Figs. a, b, and c, respectively, F,, F,, and F; can be expressed in Cartesian vector 
form as 


F, = 700 lb 


F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350j} Ib 


4 3 
F, = 0i 4 oo| $e ' (jew = {480j + 360k} Ib 
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = {—400i + 565.695 + 400k} Ib 


F; = F + F, + F 


= 606.22i + 350j + 480j + 360k — 400i + 565.69j + 400k 


= {206.221 + 1395.69j + 760k} Ib 


Fp = V(206.22)2 + (1395.69)? + (760) 


= 1602.52 Ib = 1.60 kip Ans. 
a= cos ( 62% = 82.6° Ans. 
B= cos BES) = 29.4° Ans. 
y= cos'( 7) = 61.7° Ans. 
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2-82. 


If the direction of the resultant force acting on the eyebolt z 
is defined by the unit vector up, = cos 30°j + sin 30°k, 
determine the coordinate direction angles of F} and the F; = 800 Ib 
magnitude of Fr. 


F, = 600 Ib 


SOLUTION 


Force Vectors: By resolving F\, F, and F; into their x, y, and z components, as shown 
in Figs. a, b, and c, respectively, F}, F,, and F; can be expressed in Cartesian vector 


form as F, = 700 lb 


F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.221 + 350j} Ib 


4 3 
F, = 0i + oof 2) tj) 4 sof 2 tk) = {480j + 360k} Ib 
F; = 800 cos a3i + 800 cos B3j + 800 cos y3k 


Since the direction of Fẹ is defined by uy, = cos 30°j + sin 30°k, it can be written in 
Cartesian vector form as 


Fp = Fup, = Fe(cos 30°) + sin 30°k) = 0.8660Fej + 0.5Frk 
Resultant Force: By adding F, F,, and F; vectorally, we obtain Fp. Thus; 


Fr = F + F +F, 


0.8660 Fj + 0.5Fgk = (606.22i + 350j) + (480j + 360k) +2(800.c08 o4 800 cosB3j + 800 cos ysk) 
0.8660 Fj + 0.5Fgk = (606.22 + 800 cos a3)i + (350 +8480 +42800:cds B3)j +660 + 800 cos 3)k 


Equating the i, j, and k components, we have 


0 = 606.22 + 800 cos a3 


800 cos a3 = —606.22 (1) 
0.8660F p = 350 + 480 + 800 cos B3 

800 cos B3 = 0.8660Fe — 830 (2) 
0.5F rg = 360 + 800 cos y3 

800 cos y, = 0.5Fe — 360 (3) 


Squaring and then adding Eqs. (1),.(2), and(3), yields 


8007 [cos? a, + cos? B3 + cos? y3] =Fr*+ 1797.60Fp + 1,186,000 (4) 


However, cos” a3 + cos? B3 + cos? y3 = 1.Thus, from Eq. (4) 


Fr? — 1797.60Fe + 546,000 = 0 


(c) F 


Solving the above quadratic equation, we have two positive roots 


Fr = 387.09 N = 387 N Ans. 
Fr = 1410.51 N = 1.41 kN Ans. 
From Eq. (1), 

a3 = 139° Ans. 


Substituting Fr = 387.09 N into Eqs. (2), and (3), yields 


B3 = 128° y3 = 102° Ans. 
Substituting Fg = 1410.51 N into Eqs. (2), and (3), yields 
B3 = 60.7° Ans. 


= 64.4° 
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2-83. 


The bracket is subjected to the two forces shown. Express z 
each force in Cartesian vector form and then determine the 
resultant force Fr. Find the magnitude and coordinate 
direction angles of the resultant force. 


SOLUTION 


Cartesian Vector Notation: 
F, = 250{cos 35° sin 25°i + cos 35° cos 25°j — sin 35°k} N 


= {86.55i + 185.60j — 143.39k} N 


= {86.5i + 186j — 143k} N Ans. 
F, = 400{cos 120°i + cos 45°j + cos 60°k} N 


= {—200.0i + 282.84j + 200.0k} N 


= {—200i + 283j + 200k} N Ans, 
Resultant Force: 
Fr = F, + F 


= {(86.55 — 200.0)i + (185.60 + 282.84)j + (—143.39 + 200,.0fk} 


= {—113.45i + 468.44j + 56.61k} N 


= {—113i + 468j + 56.6k} N Ans. 
The magnitude of the resultant force is 


Fr = VFR, + FR, AFR: 


x 


= V(-113.45)? 446844? £36.612 


= 485.30-N =485.N Ans. 


The coordinate direction angles are 


Fr, 113-45 
== ; = 104° Ans. 
cos a Fr 485.30 a ns 
Fr, 468.44 r r 
COS = = == i ns. 
B= 4830. Ê ù 
FR, 56.61 
Eu = 83.3? Ans. 
Cosy ee 485.30 7 i 
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*2-84. 


The pole is subjected to the force F, which has components z 
acting along the x, y, z axes as shown. If the magnitude of F 
is 3 KN, B = 30°, and y = 75°, determine the magnitudes of 
its three components. 


SOLUTION 


cos? æ + cos? B + cos? y = 1 


cos? a + cos? 30° + cos? 75° = 1 


a = 64.67° 

F, = 3 cos 64.67° = 1.28 kN Ans. 3 
F, = 3 cos 30° = 2.60 kN Ans. 

F; = 3 cos 75° = 0.776 kN Ans. 
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2-85. 


The pole is subjected to the force F which has components 


z 
F; = 1.5kN and F, = 1.25 kN. If B = 75°, determine the 
magnitudes of F and F.. F, 
SOLUTION x x 
ae 5 
cos? æa + cos? B + cos? y = 1 
Q 
(22) Lotia Ga) i 
= cos —] = 
F = 2.02 kN Ans. z 
F, = 2.02 cos 75° = 0.523 kN Ans. 
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2-86. 


Express the position vector r in Cartesian vector form; then 


determine its magnitude and coordinate direction angles. f 
kK 8 ft = 
B 
PA 
} l 
30° 
SOLUTION 20° 
s 
r = (—5 cos 20° sin 30°)i + (8 — 5 cos 20° cos 30°)j + (2 + 5 sin 20°)k = 
x A 
r = {—2.35i + 3.93] + 3.71k} ft Ans. 
r = V(-2.35)? + (3.93)? + (3.71) = 5.89 ft Ans. 
2,35 
= al = o 
a = cos ( 5.89 ) 113 Ans. 
3.93 
= pact = o 
B = cos (2) 48.2 Ans. 
3.71 
= —1 = o 
y = cos ( 1) 51.0 Ans. 
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2-87. 


Determine the lengths of wires AD, BD, and CD. The ring z 
at D is midway between A and B. 


SOLUTION 
o(? : 0 0 : 2 1.5 z 25) m = D(1,1,1)m 


rap = (1 — Di + (1 — Of + (1 — 1.5)k 


—1i + 1j — 0.5k x 


tap = (1 — 0i + (1 — 2)j + (1 — 0.5)k 
= li — 1j + 0.5k 
rcp = (1 — Oji + (1 — OFF + (1 — 2)k 


li + 1j — 1k 


II 


rap = V(-1)? + 12 + (-05) = 1.50m Ans. 
rgen = V1? + (-1) + 0.5° = 1.50 m Ans. 
= VP + 1? + (1° = 1.73m Aas. 


rcp 
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*2-88. 


Determine the length of member AB of the truss by first y 
establishing a Cartesian position vector from A to B and 
then determining its magnitude. 


SOLUTION 


1.5 . : 
tap = (11) = r — 0.80)i + (15 — 1.2)j 


rag = {2.091 + 0.3j}m 


rag = V (2.09) + (0.3)? = 2.11 m Ans. 
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2-89. 


If F = {350i — 250j — 450k} N and cable AB is 9 m long, 
determine the x, y, z coordinates of point A. 


SOLUTION 


Position Vector: The position vector r 4g, directed from point A to point B, is given by 
rag = [0 - (~x)]i + O— y)j + O- Ok 


= xi — yj — zk 


Unit Vector: Knowing the magnitude of r 4g is 9 m, the unit vector for r 4g is given by 


YAB xi — yj = zk 
uag = = 9 
TAB 


The unit vector for force F is 
F 350i — 250j — 450k 
F 3 3502 + (-250)? + (—450)}? 


Since force F is also directed from point A to point B, then 


up = = 0.5623i — 0.4016j — 0.7229k 


uag — UF 


xi — yj — zk 
9 


= 0.56231 — 0.4016j — 0.7229k 


Equating the i, j, and k components, 


- = 0.5623 x= 5.06m Ans. 
-y 

z7 —0.4016 y = 3.61m Ans. 
T = 0.7229 z=65im Ans. 


Ail 
OY 
i eo 
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2-90. 


Express Fz and Fç in Cartesian vector form. 


SOLUTION 


Force Vectors: The unit vectors ug and uc of Fg and Fc must be determined 
first. From Fig. a 


rg  (=1.5 — 0.5)i + [-2.5 — (—1.5)]j + (2 — Ok 


u= 
” te \/-15 — 05) + [-25 — (15)P + 2 — 0} 
E ae 
fo 4 
rc (15 — 0.5)i + [0.5 — (-15)]j + (3.5 — Ok 
Uc = = 
C re 15 — 05) + [05 — (15)? + 35 — 0 
sodiy JE k 
~ aTa TG 


Thus, the force vectors Fz and Fç are given by 


2 1 2 
F; = Fuz = cvo( i-sj K) = {—400i — 200j + 400k} N 
3 3 3 
(GP) 
4. 4., 1 : : 
Fo = Fouc = 450 9! gj ok = {—200i + 200j + 350k}N Ans, 
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2-91. 


Determine the magnitude and coordinate direction angles 
of the resultant force acting at A. 


SOLUTION 


Force Vectors: The unit vectors ug and uc of Fg and Fc must be determined 
first. From Fig. a 


rg (15-0514 [-2.5 — (—1.5)]j + (2 — 0k 


PA 
P re A15 — 05) + [-25 — (15) + 2 — 0) 
ee 
a ae a 
ro (=1.5 — 0.5)i + [0.5 — (-1.5)]j + (3.5 — 0)k 
u, += = 
C re W415 — 057 + [05 — (15)? + G5 — 0}? 
a ae 
= rr 


Thus, the force vectors Fz and Fç are given by 


2. 1, 2 
F; = Fpuz = soo( eal =k) = {—400i — 200j + 400k} N 
(GP) 
4. 4. 7 ; 
Fc = Feuc = 450| -5i + gj + gk) = {-200i + 200j + 350K} N 


Resultant Force: 


Fk = Fz + Fo = (—400i — 200j + 400k) + (—200% +:200j 350k) 


= {—600i + 750k} N 


The magnitude of Fp is 


Fr = V(Fr)x? + (Fry? + (Fret 


= Vve 600)? + 0? + 7505 = 96047 P= 960 N, 


The coordinate direction angles of Fâre 


Fr)x —600 

a= cos | EE | = cos 6e) = 129° Ans. 
(Fr) 0 

B= cos =| = cos a] = 90° Ans. 
Fr): 

y= cos 2z] = cos( 760 ) = 38.7° Ans. 
Fr 960.47 
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*2-92, 


If Fg = 560N and Fc = 700 N, determine the magnitude 
and coordinate direction angles of the resultant force acting 
on the flag pole. 


SOLUTION 


Force Vectors: The unit vectors ug and uc of Fg and Fç must be determined first. 
From Fig. a 


up == C Ot- OF + O- Hk _2, 3,6 

rg (2 = 0)? + (-3 — 0)? + (0 — 6) 7 7 7 
tc B-Oi+2-Oj+O-Hk 3. 2. 6 
rc V/3-0)+(2-02+ 0-62 7 o7 


Thus, the force vectors Fz and Fç are given by 


Uc = 


2 6 
K) = {160i — 240j — 480k} N 


F; = Fguüg _ s60( ži 79) 7 


3, 2, 6 
Fo = Fouc = 700( 3i -$i Sk) = {300i + 200j — 600k} N 


Resultant Force: 


Fg = Fp + Fç = (160i — 240j — 480k) + (300i + 200j — 600k) 


= {460i — 40j + 1080k} N 


The magnitude of Fp is 


FR E V (Fax T (Fr)y a (Fr). 


= (460) + (—40)? + (—1080)? = 1174:56.N’ = 4717 kN Ans. 


The coordinate direction angles of Fr are 


-[ 22) = cof 88 (a) 
= 1 - = 1 F> 9 

æ = cos | Fr cos 1174.36 66,9 Ans. 

(FR) —40 
B= cos | F a = cos( A d = 92.0° Ans. 

R à 

F —1080 

y= cos- E] = cost ( I) =9157° Ans. 
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2-93. 


If Fg = 700 N, and Fc = 560 N, determine the magnitude 
and coordinate direction angles of the resultant force acting 
on the flag pole. 


SOLUTION 


Force Vectors: The unit vectors ug and uc of Fz and Fç must be determined first. 
From Fig. a 


rg (2-0i+(-3-0j+(0-6k 2, 3, 6 
Ug = = 5zi- zj 7k 
re \/2 - 0)? + (-3 — 0}? + (0 - 6}? 
Ic (3 — 0)i + (2 — 0)j + (0 — 6)k 3,2, 6 
Uc = = = al + zj 7K 
rc V3 -0 + 2- 0? + 0 — 6 
Thus, the force vectors Fz and Fç are given by 
2, 3, 6 x . 
Fz = Fgug = 700 qi - zj 7k {200i — 300j — 600k} N 
3. 2, 6 $ A 
Fc = Fcuc = 560 zi zi 7K {240i + 160j — 480k} N 
Resultant Force: 
Fr = Fz + Fç = (200i — 300j — 600k) + (240i + 160j — 480k) 
= {440i — 140j — 1080k} N 
The magnitude of Fp is 
Fr = V (Foi? + (Foy? + (Pade? 
=V (440)? + (—140)? + (—1080} = 1174.56.N =-£17 KN Ans. 
The coordinate direction angles of Fp are 
Fr)x 440 
a= cos |! R)» | = cos( ) =)68.0° Ans. 
Fr 1174.56 
(Fr) —140 
B= cos = cos- ) = 96:8° Ans. 
Fr 1174.56 
Fr): —1080 
y= cos E | = cos (a = 157° Ans. 
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2-94, 


The tower is held in place by three cables. If the force of z 
each cable acting on the tower is shown, determine the | 
magnitude and coordinate direction angles a, B, y of the 


resultant force. Take x = 20m, y = 15 m. 1 
600 N N 
y) 
SOLUTION J 
Epa = s00( oD gg, i A K) N +. 
DA 34.66 34.667 34.66 pi 
-6 4 24 j 
Fos sof 5556 "95.067 25.06 k) 7 J 2a, 


16, 18, 24 =a 
Fic ofii ea k)N 18m >y 
Fr = Fp, + Fog + Foc 


= {321.661 — 16.82] — 1466.71k} N 


Fr = V (321.66)? + (—16.82)? + (—1466.71)2 


= 1501.66 N = 1.50 kN Ans. 
a= cos ( 2206 ) = 776° Ans: 
1501.66 
—16.82 
z = 90.6° Ans. 
ps (5) 2 ii 
—1466.71 
= cos! = 168° Ans. 
ls ( wer) =" 
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2-95. 


Ata given instant, the position of a plane at A and a train at 
B are measured relative to a radar antenna at O. Determine 
the distance d between A and B at this instant. To solve the 
problem, formulate a position vector, directed from A to B, 
and then determine its magnitude. 


SOLUTION 


Position Vector: The coordinates of points A and B are 


A(—5 cos 60° cos 35°, —5 cos 60° sin 35°, 5 sin 60°) km 


= A(—2.048, —1.434, 4.330) km 


B(2 cos 25° sin 40°, 2 cos 25° cos 40°, —2 sin 25°) km 
= B(1.165, 1.389, —0.845) km 
The position vector r4g can be established from the coordinates of points A and B. 
rag = {[1.165 — (—2.048)]i + [1.389 — (-1.434)]j + (—0.845 — 4.330)k} km 
= {3.2131 + 2.822j — 5.175)k} km 


The distance between points A and B is 


d = rag = V3.213? + 2.822? + (-5.175)* = 6.71 km Ans: 
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*2-96. 

The man pulls on the rope at C with a force of 70 Ib which 
causes the forces F4 and Fç at B to have this same 
magnitude. Express each of these two forces as Cartesian 
vectors. 


SOLUTION 


Unit Vectors: The coordinate points A, B, and C are shown in Fig. a. Thus, 


a - B ODi + 7 = Cli + 6 = 8k 
TA VIS -= CDP + [-7 - (-5)P? + (5 - 8? 
6. 2, 3 
= zitz) tk 
we = E a B ODi + ICS + 4 = 8k 
ro VIs - CDP + [-1-5)P + (4 - 8} 
3, 6, 2 
=i tj thk 


Force Vectors: Multiplying the magnitude of the force with its unit vector, 


F F 70( $i Bo =k) 
A Aua 7’ 79 -7 


= {60i — 20j + 30k} Ib 


F F ni pea 2x) 
Cc cuc 7! T 7J t 7 


= {30i + 60j + 20k} Ib 


Ans. @ 


Ans. 
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2-97. 


The man pulls on the rope at C with a force of 70 Ib which z 
causes the forces F4 and Fç at B to have this same SN 
magnitude. Determine the magnitude and coordinate 
direction angles of the resultant force acting at B. 


SOLUTION 


Force Vectors: The unit vectors ug and uc of Fg and Fç must be determined first. 
From Fig. a 


rm [5 —(-Dli + [-7(-5)j + (5 - 8)k 
ra VIS- (DÈ + [-7(-5)È + (5 - 8)° 


w B-a 
ro ANB - CHP + ESF + 4 - 8° 


. <(S,7,4)ft 
Thus, the force vectors Fz and Fç are given by 


6 2 3 
F, =F = 70| =i j + =k} = {60i — 20j 
A Aua (Si 7J 7 ) {60i J 


30k} 1b 


@ 


j 4 2x) = {30i + 60j + 20k}-Ib 


3 
F- = F, = 70 
Č cuc ( 7) 7 


7 i 
Resultant Force: 


Fr = F4 + Fc = (60i — 20j — 30k) + (30i + 607 ~-20k) 


= {90i + 40j — 50k} Ib 


The magnitude of Fp is 


Fr = V (Fax? + (Fry? + (Fide 


= V/(90)2 + (40)2 + (5028 10.45 Ib È 110b Ans. 
The coordinate direction angles of Fr arè 
a= cos] S| = cos'( =) = 35.4° Ans. 
B= cos |") = o(a) = 68.8° Ans. 
y= cos |] = cos( =) = 117° Ans. 
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2-98. 


The load at A creates a force of 60 lb in wire AB. Express 
this force as a Cartesian vector acting on A and directed 
toward B as shown. 


SOLUTION 

Unit Vector: First determine the position vector r 4g. The coordinates of point B are 
B (5 sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft 

Then 


rag = {(2.50 — 0)i + (4.330 — 0)j + [0 — (—10)]k} ft 


= {2.501 + 4.330j + 10k} ft 


rap = V/2.502 + 4.3302 + 10.02 = 11.180 ft 


rag _ 2.501 + 4.330j + 10k 
F AB 11.180 


U4B = 


= 0.22361 + 0.3873j + 0.8944k 


Force Vector: 


F = Fu, = 60 {0.22361 + 0.3873j + 0.8944k} Ib 


= {13.4i + 23.2] + 53.7k} Ib Ans. 
{ j 
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2-99, 


Determine the magnitude and coordinate direction angles of Z 
the resultant force acting at point A. 


SOLUTION 


rac = Bi a 0.5j = 4k} m 


Iracl = V32 + (—0.5) + (—4)? = V25.25 = 5.02494 


3i — 0.5j — 4k 
5.02494 


F, = 200( ) = (119.4044i — 19.9007j — 159.2059k) 


rag = (3 cos 60°i + (1.5 + 3 sin 60°)j — 4k) 


rag = (1.5i + 4.0981j + 4k) 


Iraal = V(1.5)2 + (4.0981)? + (—4)? = 5.9198 


Eei a + 4.0981j — 4k 
l 5.9198 


) = (38.0079i + 103.8396j — 101.3545k) 


Fr = F, + F, = (157.4124i + 83.9389j — 260.5607k) 


Fr = V (157.4124)? + (83.9389)? + (—260.5604)? = 315.7786 =816 N Ans, 
157.4124 
=] = Of es o 
a E t) 60.100° = 60.1 Ans; 
83.9389 
B= A 2 ) = 74.585° = 74.6° Ans. 
315.7786 


oe, ( ~260.5607 
y= 


315.7786 ) = 145.60° = 146 Ans. 
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*2-100. 
The guy wires are used to support the telephone pole. 


Represent the force in each wire in Cartesian vector form. 
Neglect the diameter of the pole. 


SOLUTION 


Unit Vector: 


rac = {((-1 — 0)i + (4 — 0)j + (0 — 4k} m = {—1i + 4j — 4k} m 


rac = V(-1)? + 4 + (—4? = 5.745m 


uac = Ae = TA ati + 0.6963] — 0.6963k 
AC Pig 5.745 i i l 


rgp = {(2 — 0) i + (—3 — 0)j + (0 — 5.5)k} m = {2i — 3j — 5.5k} m 


rap = VZ + (-3) + (-5.5) = 6.576 m 


tap _ 2i — 3j — 5.5k 
FBD 6.576 


Ugp = = 0.3041i — 0.4562j — 0.8363k 


Force Vector: 


F, = Fyuyc = 250{—0.1741i + 0.6963] — 0.6963k} N 


= {—43.52i + 174.08j — 174.08k} N 


= {—43.5i + 174j — 174k} N ‘Ans. 


F; = Fptgp = 175{0.3041i + 0.4562] — 0.8363k} Ñ 


= {53.221 — 79.83] — 146:36k} N 


= {53.21 — 79.8j — 146k} N Ans. 
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2-101. 


The two mooring cables exert forces on the stern of a ship 
as shown. Represent each force as a Cartesian vector and 
determine the magnitude and coordinate direction angles 
of the resultant. 


SOLUTION 


Unit Vector: 


rca = {(50 — 0)i + (10 — 0)j + (—30 — 0)k} ft = {50i + 10j — 30k} ft 


rca = V50 + 10? + (—30)? = 59.16 ft 


ü _ YCA _ 50i F 10j — 30k 
CAT Fog 59.16 


= 0.8452i + 0.1690j — 0.5071k 


rcg = {(50 — 0)i + (50 — 0)j + (—30 — 0)k} ft = {50i + 50j — 30k} ft 


rcg = V50 + 50° + (—30)? = 76.81 ft 


: rca 50i + 50j — 30k 
AT 76.81 


0.6509i + 0.6509j — 0.3906k 


Force Vector: 
F; = Fyauc, = 200{0.8452i + 0.1690j — 0.5071k }1b 


= {169.03i + 33.81j — 101.42k}Ib _ C 


= {1691 + 33.8) — 101k} DY o>, Ans. 
Fp = Fgucg = 150{0.6509i + 0.6509) x 0.3906k} 16 i 
= {97.64i + 97,649 — S85 Ib 
{97.61 +.97.6|2> 588k} w Ans. 
Resultant Force: > i 
Fg = F} + Fô 


= {(169.03 + IÑAKE (3381 + 97.64)j + (101.42 — 58.59)k} Ib 


= {266.67i + 131.45j 2°160.00k} Ib 


The magnitude of Fp is 


Fr = V 266.672 + 131.45 + (—160.00)? 
= 337.63 Ib = 338 Ib Ans. 


The coordinate direction angles of Fr are 


266.67 


cos œ = 337.63 a = 37.8 Ans. 
131.45 : 
cos B = 337.63 B = 67.1 Ans. 
160.00 
= = 118° Ans. 
COSY 88768 1 i 
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2-102. 
Each of the four forces acting at E has a magnitude of 


28 kN. Express each force as a Cartesian vector and 
determine the resultant force. 


SOLUTION 


6, 4. 2 
Pea = 28( 74 14) a) 


F;-4 = {12i — 8j — 24k} kN Ans. 


6. 4. 2 
Fes a(i "744 Zk) 


Fpp = {12i + 8j — 24k} kN Ans. 
6.4, 2 
Fac 23( 14°" 1447 14 K) 
Frc = {—12i + 8j — 24k } KN ‘Ans, 
-6. 4., 2 
Frp = 28| 2 i j 
E E 1 7457 44 ) 


Fep = {-12i — 8j — 24k} kN Ans. 


Fr = Fea + Feg + Fec + Fep 


= {-96k } kN Ans. 
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2-103. 


If the force in each cable tied to the bin is 70 lb, determine 
the magnitude and coordinate direction angles of the 
resultant force. 


SOLUTION 


Force Vectors: The unit vectors uy, Ug, Uc, and up of Fy, Fp, Fo, and Fp must be 
determined first. From Fig. a, 
ee (3 — 0)i + (—2 — 0)j + (0 — 6)k _3; 2 6 
ra VB-0P+(-2-0+ (0-6 7 T 7 
rg (3 — 0)i + (2 — 0)j + (0 — 6)k 3, 2 6 


ae ee ee een 
"3 V@-0%+Q-07+O-o 7 7) 7 
we = = C3=OI+ O- OF + O- Ok _ 35,2, 6, 
w V B Fo n 
ro  (3-0i+(-2-0j+(0-6k 3.2., 6 
Up = = = i=-J k 
o V(-3-0 +(-2-0" +@-6% 7 T 7 


Thus, the force vectors F4, Fg, Fç, and Fp are given by 


3 2 6 
F; = Fyuy = 70( i j #4 [30i — 20j — 60k] Ib 
7 7 7 
3 ; ; 
F; = Fpug = 70(3i + 2 + k) = [30i + 20j — 60k] Ib 
3. j 6 r ‘i 
Fc = Fouc = 70 7h H 7K = [-30i + 20j =.60k}1b 
3. . 6 p A 
Fp = Fpup = 70 j k [-30i.+ 20j— 60k] Ib 
ar 7 7 
Resultant Force: 
Fp = Fy + Fg + Fo + Fp = (30i — 20j = 60k) (30? + 20j — 60k) + (—30i + 20j — 60k) + (—30i — 20j — 60k) 
= {—240k} N 


The magnitude of F} is 
Fr = V (Fai Eds t Pr) 


= V0 + 0 240} 240 lb Ans. 
The coordinate direction angles of Fp are 
Fr)x 0 
niet] Erf ct ane Z 
a = cos Fr l cos (5) 90 Ans. E lO, 2, bft 
= -1 (Fr)y = a 0 ) = 90° A 
B = cos Fr cos 740 ns. 
a| Er) o r R Ue Hp 
y = cos FR | cos 740 ns. 


4 


B AR 
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*2-104. 


If the resultant of the four forces is Fp = {—360k} lb, 
determine the tension developed in each cable. Due to 
symmetry, the tension in the four cables is the same. 


SOLUTION 


Force Vectors: The unit vectors u4, Ug, Uc, and up of Fy, Fg, Fo and Fp must be 
determined first. From Fig. a, 


ry B-0i+(-2-0j+(0-6k 3, 2. 6 
ra V3-0)% + (2-07 +0-6% 7 7 
rg G-0i+(2-0j+(0-6k 3, 2. 6 


uy = 


ae VG- 02+ 2-0" + 0-6 zit 3-7 7k 

wo = t= C32 Oit- OF +O= HK _ 3,2, ók 
te V(=3-0+2-0+0-6 7 T 7 
rp (-3 — 0)i + (-2 — 0)j + (0 — Ok EN 


"E a Aea eae fo 


Since the magnitudes of F4, Fg, Fç, and F, are the same and denoted as F, the four 
vectors or forces can be written as 


3 2 6 
F, =F = F| >i j k 
A AUA Gi J 7 ) 


32 6 
Fs Fpug ri T 7 Sk) 


3. 2, 6 
Fc Fouc r( 7! T 7J Sk) 

3 2 6 
Fp Fpup r( i j K) 


Resultant Force: The vector addition of E}, Fg; F.,.and F yis equal to Fp. Thus, 


—360k = aE 
7 
Thus, 
360 = GF F = 105 lb Ans. 

fi is 
ý Dl=3,-2,0)ft 

th C(-3,2,0) ft: 

A(3,-Z OH 4 


X g(3,2,0t 
(2) 
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2-105. 
The pipe is supported at its end by a cord AB. If the cord 


exerts a force of F = 12 1b on the pipe at A, express this 
force as a Cartesian vector. 


SOLUTION 


Unit Vector: The coordinates of point A are 


A(5, 3 cos 20°, —3 sin 20°) ft = A(5.00, 2.819, —1.206) ft 


Then 
rag = {(0 — 5.00)i + (0 — 2.819)j + [6—(—1.206)]k} ft 
= {—5.00i-2.819j + 7.026k} ft 
rag = V(—5.00)2 + (—2.819)* + 7.0262 = 9.073 ft 
© rag _ —5.00i—2.819j+7.026k 
"AB T hg 9.073 6 $ . 
o DS 90 
= —0.5511i—0.3107j+0.7744k SS PX 
N & 
Xe Se 
Oe SHR e 
Force Vector: RS) “> cQ ` ò 
OLL 
F = Fug, = 12{—0.5511i—0.3107j+0.7744k} Ib PaO‘ RS X 
= {—6.61i—3.73j+9.29k} Ib Ra s See Ro 
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2-106. 


The chandelier is supported by three chains which are z 
concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 


angles of the resultant force. 
SOLUTION 
(4 cos 30° i — 4 sin 30° j — 6k) 
F; = 
V/(4 cos 30°)? + (—4 sin 30°)? + (—6)? 
= {28.8i — 16.6 j — 49.9 k} Ib Ans. 
(—4 cos 30° i — 4 sin 30° j — 6k) 
F; = 60 
V/(—4 cos 30°)? + (—4 sin 30°)? + (—6) 
= {-28.8i — 16.6j — 49.9 k} lb Ans. 
4j- 6k 
Fo = (4j ) 
VUP + o 
= {33.3 j — 49.9 k} lb Ans. 


Fr = 150 |b Ans. 
a = 90° Ans. 
B = 90° Ans. 
y = 180° Ans. 
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2-107. 


The chandelier is supported by three chains which are z 
concurrent at point O. If the resultant force at O has a 

magnitude of 130 lb and is directed along the negative z axis, 

determine the force in each chain. 


SOLUTION 
Fc ala = 0.5547 Fj — 0.8321 Fk 
V4? + (-6)° 
F, = F; = Fo 


Fr, = SF; 130 = 3(0.8321F) 


F = 52.1P Ans. 


© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by 


Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical, 


photocopying, recording, or likewise. For information regarding permission(s), write to: 
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 


*2-108. 


Determine the magnitude and coordinate direction angles 
of the resultant force. Set Fz = 630 N, Fc = 520N and 
Fp = 750N,and x = 3 mand z = 3.5m. 


SOLUTION 


Force Vectors: The unit vectors ug, uc, and up of Fz, Fc, and Fp must be determined 
first. From Fig. a, 


rg (-3 — Oi + (0 — 6)j + (4.5 — 2.5)k 3. 6. 2 
uzg = = = zÍ zÍ + 7k 

ra \/(-3 — 0 + (0 — 6} + (45 — 2.5} 

r 2- 0i + (0-6)j+(4-25k 4. 12. 3 1 
oe c_ ( ) ( + ¢ ák si ai Zk BC-3,0,45) m 

rc V2- 0} + (0-6 + (4 - 25} 

& 

rp G-0i+(0-6j+(-35-25)k 1, 2. 2 et me 
Up = = = zÍ 34 3 É 

rD V0 -= 3} + (0 — 62 + (=3.5 — 2.5} > DS piers 

K 1b, 26)m 
Thus, the force vectors Fg, Fc, and Fp are given by a 
3 6 2 X 
F, = Fats = 630( a. 2k) = {—270i — 540j + 180k} N Z| 
IG 035), 
E 7 4. A BON ce T tw) 
Fo = Fouc s20( $i no žk) {160i — 480j + 120k}N 
1, ae: A x 
Fp = Fpup = 750| i — 5j — Gk} = {250i — 500j <S00KpN 
Resultant Force: 
Fr = Fp + Fo + Fp = (—270i — 540j + 180K) +260 480j £20k) + (250i — 500j — 500k) 
= [140i — 1520j — 200k] N 


The magnitude of Fp is 


FR = VF ax + (Fr) Ri (Er)? 


= V140? 4 (1520)? + (=200)?:=' 1539:48N) = 1.54 kN Ans. 
The coordinate direction angles of Fr are 
a= cost] S| o(a) = 84.8° Ans. 
B= cosa] o(a) = 171° Ans. 
y= cos- [E] = cos (=) = 97.5° Ans. 
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2-109. 


If the magnitude of the resultant force is 1300 N and acts 
along the axis of the strut, directed from point A towards O, 
determine the magnitudes of the three forces acting on the 
strut. Set x = 0 and z = 5.5m. 


SOLUTION 

Force Vectors: The unit vectors ug, Uc, Up, and ur, of Fz, Fc, Fp, and Fr must be 

determined first. From Fig. a, Xx 
rp (-3 — 0)i + (0 — 6)j + (4.5 — 2.5)k 3. 6, 2 

ug = = = 


t >k 
rB Vi 3 0) } (0 6%? ; (4.5 2.5) 7 1 7J 7 
rc @-0i+(0-6j+(4-25k 4. 12, 3 


mete Ve D+ (0-67 + (4—25) Ta ae 

ap = a OR OIF O= OF + E O _ 3 dy 
ro Vo-0f + 0-6 + (55-25% 5 5 

ap, <0, C- OIF O-OJ+O- 259k __ BS, 


R E m Jt 
ro yo-o t0- 0- a B 3 


x 
Thus, the force vectors Fg, Fc, Fp, and F p are given by 
3_, 6,, 2 
Fz = Fup = 7Fsi Fal zak 
4_, 12_, 3 
Fc Fouc gC! pid ace 


Dok 
Fp = Fpup = znj Fpk 


12. 5 
BI 3 


Fr = Frug = 1300( K) [1200j—500K] N 


Resultant Force: 


Fe = Fg + Fo + Fp 


1200j — 500k ( 37 — OF RY p K) (<r a ee K) ( 
l t t vA t ~ t 
J 7 BO pe oe B ° 2 °° °° 
6 
7 


3 4 12 3 2 3 4 
1200j — 500k ( aa fro) j ( Fe Fe 2 ,i) ( Fa + Fo Fp) 


Equating the i, j, and k components, 


3 4 
e= Farre (1) 
12 3 
1200 = — ŻF Fo- =F pj 2 
BT 43°C 5 DJ (2) 
Oe N (3) 
gA eee 


Solving Eqs. (1), (2), and (3), yields 


Fc = 442N Fz = 318N Fp = 866N Ans. 
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2-110. 
The cable attached to the shear-leg derrick exerts a force on 


the derrick of F = 350 lb. Express this force as a Cartesian 
vector. 


SOLUTION 


Unit Vector: The coordinates of point B are 


B(50 sin 30°, 50 cos 30°, 0) ft = B(25.0, 43.301, 0) ft 
Then 
rag = {(25.0 — 0)i + (43.301 — 0)j + (0 — 35)k } ft 


= {25.01 + 43.301j — 35.0k} ft 


rag = V25.02 + 43.302 + (—35.0)2 = 61.033 ft 


rag _ 25.01 + 43.301j — 35.0k 
FAB 61.033 


U4B = 


= 0.4096i + 0.7094j — 0.5735k 


Force Vector: 


F = Fuyg = 350{0.4096i + 0.7094j — 0.5735k} Ib 


= {143i + 248j — 201k} Ib Afis. 
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2-111. 


The window is held open by chain AB. Determine the 
length of the chain, and express the 50-Ib force acting at A 
along the chain as a Cartesian vector and determine its 
coordinate direction angles. 


SOLUTION 


Unit Vector: The coordinates of point A are 


A(5 cos 40°, 8, 5 sin 40°) ft = A(3.830, 8.00, 3.214) ft 


Then 
rap = {(0 — 3.830)i + (5 — 8.00)j + (12 — 3.214)k} ft 
= {—3.830i — 3.00j + 8.786k} ft 
rap = V(—3.830)2 + (—3.00)? + 8.7862 = 10.043 ft = 10.0 ft 
tag = Tae —3.830i — 3.00j + 8.786k 


TAR 10.043 


ll 


—0.3814i — 0.2987j + 0.8748k 


Force Vector: 


F = Fuyg = 50{—0.3814i — 0.2987j + 0.8748k} 1b 


= {191i — 14.95 + 43.7k} Ib 


N 


Ans. 


Ans. 


Coordinate Direction Angles: From the unit vector ù 4g obtained,above,we have 


cos a = —0.3814 L= 192° 
cos B = —0.2987 B= 107° 
cos y = 0.8748 y= 290° 


Ans. 
Ans. 


Ans. 
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*2-112. 


Given the three vectors A, B, and D, show that 
A:(B + D) = (A-B) + (A-D). 


SOLUTION 
Since the component of (B + D) is equal to the sum of the components of B and 
D, then 
A:(B+ D)=A-B+A-D (QED) 5 
D 
Also, 


A- (B + D) = (A,i+ A,j + Ak): [(B, + Di + (B, + D,)j + (B. + DDK] 


= A, (B; + D,) + A, (B, + Dy) + A, (B; + D}) 


n (AxB; t A,B, A-B) + (A,D, 4 A,D, A-D,) 


= (A-B) + (A-D) (QED) 
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2-113. 


Determine the angle 0 between the edges of the sheet- 
metal bracket. 


SOLUTION 
rı = {400i + 250k} mm ; rı = 471.70 mm 
r = {50i + 300j} mm ; r2 = 304.14 mm 


r'r, = (400) (50) + 0(300) + 250(0) = 20 000 
0= wa” ` 2) 
rir 


20 000 
= cos 82.0° Ans. 


(471.70) (304.14) 
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2-114. 


Determine the angle 6 between the sides of the triangular z 
plate. 


SOLUTION 


rac = {3i + 4j-1k}m 


rac = V(3)2 + (4} + (1)? = 5.0990 m 


rag = {2j +3k}m 
rap = V (2)? + (3)? = 3.6056 m 


rac'rag = 0 + 4(2) + (-1)(3) =5 


0 = cos! TAC TAR) cos | ? 
TACTAB (5.0990) (3.6056) 
0 = 74.219° = 74.2° Ras. 
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2-115. 
Determine the length of side BC of the triangular plate. z 
Solve the problem by finding the magnitude of rp; then 


check the result by first finding 6, r4g, and ry: and then 
using the cosine law. 


SOLUTION 


tec = Bit 2j- 4k}m 


rec = VEP + (2) + (-4)? = 5.39 m Ans. 


Also, 


rac = 3i1+4j-—1k})m 


rac = VBP + (4% + (-1) = 5.0990 m x 


rag = {2j+3k})m 
rap = V (2) + (BF = 3.6056 m 


Kacttag = 0+ 4(2) + (-1)(3) =5 


A= cos (74e tae) = cos! 2 
TAC TAB (5.0990)(3.6056) 


0 = 74.219° 


rge = V(5.0990)2 + (3.6056)?—2(5.0990)(3.6056) cos 74.219° 


rpc = 5.39 m Ans; 
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*2-116. 


Determine the magnitude of the projected component of 
force F , g acting along the z axis. 


A 
Fac = 600 1b AÀ 


36 ft 


SOLUTION 


Unit Vector: The unit vector u4 g must be determined first. From Fig. a, 


rag «(18 — Oi + (12 — 0)j + (0 = 36)k 3, 2, 6 
= i j k 
raa V18- 07 + (-12 — 0} + (0-36 7 7 


UyB 


7 


Thus, the force vector F4 g is given by 


3... 2. 6 
Fup = Fag Uag 700( 3 74 7 


K) = {300i — 200j — 600k} Ib 


Vector Dot Product: The projected component of F } ș along the z axis is 
(Fas): = Fag*k = (300i — 200j — 600k) -k € 


= —600 lb 


The negative sign indicates that ( F 4 p)z is directed towards the negative z.axis. Thus 


(Fag); = 600 Ib An. Ag ACO, 0,36) ft 


Tk 
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*2-117. 


Determine the magnitude of the projected component of 
force F ,~ acting along the z axis. 


SOLUTION 


Unit Vector: The unit vector u,- must be determined first. From Fig. a, 


rac (12 sin 30° — 0)i + (12 cos 30° — 0)j + (0 — 36)k 
rac \/(12 sin 30° — 0)? + (12 cos 30° — 0)? + (0 — 36) 


uac = = 0.1581i + 0.2739) — 0.9487k 


Thus, the force vector F;ç is given by 
Fyc = Facttyc = 600(0.1581i + 0.27395 — 0.9487k) = {94.871 + 164.32] — 569.21k)N 
Vector Dot Product: The projected component of F ,- along the z axis is 
(Fac): = Factk = (94.871 + 164.32j — 569.21k)-k 
= —569 lb 
The negative sign indicates that ( F 4c), is directed towards the negative z-axis; Thus 


(Fac)z = 569 lb Ans. 


K CULS7 730° laces 30? o) tt 
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2-118. 


Determine the projection of the force F along the pole. 


F= {2i + 4j + 10k} KN 


SOLUTION 


Proj F = F-u, = (2i 


> 
ies. 
ma 
=) 
x 
So 
| TT 
IN 
o 
+ 
| 
co 
| 
| 
= 
ee 


Proj F = 0.667 kN Ans. 
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2-119. 


Determine the angle 0 between the y axis of the pole and z 
the wire AB. 


y 


SOLUTION 


Position Vector: 
rac = {—3j} ft 


rag = {(2 — 0)i + (2 — 3)j + (-2 — 0)k} ft 


= {2i — 1j — 2k} ft 


The magnitudes of the position vectors are 


rac = 3.00ft rag = V2? + (-1) + (-2) = 3.00 ft 


The Angles Between Two Vectors 0: The dot product of two vectors must be 
determined first. 


rac'rag = (—3j)* (2i — 1j — 2k) 
= 0(2) + (—3)(-1) + 0(-2) 
=3 


Then, 


-1{ 40's = 3 s 
= = =O, Ans. 
O= COS Gea cos E $ ia 
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*2-120. 
Determine the magnitudes of the components of z 


F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 


SOLUTION 


Unit Vectors: The unit vectors upg and upp must be determined first. From Fig. a, 


reg (0-49i+(2-5j+[0- (—2)]k i : 
= = —0.7428i — 0.5571j + 0.3714k _ 
ree VO- 4° + 2 5+0- (DE i ac ra ETOJN 


ugg = 


uzp = ~j =~~ E 
Thus, the force vector F is given by 


F = Fugg = 600( 0.7428i — 0.5571j + 0.3714k) = [—445.66i — 334.25j + 222.83k] N 


Vector Dot Product: The magnitude of the component of F parallel to segment DE 
of the pipe assembly is 


(Fr) parat = F-Wgp = (—445.66i — 334.25j + 222.83k) - (—j) 
= (—445.66)(0) + (—334.25)(—1) + (222.83)(0) 


= 334.25 = 334N Ans, 


The component of F perpendicular to segment DE of the pipe assembly is 


(Fep)per = VF? — (FED)parai? = V600? — 334.25? =498 N Ans. 


"© Elh, F,-2)m 
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2-121. 


Determine the magnitude of the projection of force z 
F = 600 N along the u axis. 


F= 600 N 


SOLUTION 
Unit Vectors: The unit vectors ug, and u, must be determined first. From Fig. a, 
Toa (-—2 — 0)i + (4 — 0)j + (4 — 0)k 1, 2 2 
uoa = a = 1 + t k 


j 
roa \/(-2-or +(4-07% +(4-0% 3 3 3 


u, = sin30° + cos30°j 


Thus, the force vectors F is given by 


1. 2, 2 
F = Fup, = 600( Js 2x) = {—200i + 400j + 400k} N 


Vector Dot Product: The magnitude of the projected component of F along the u 
axis is 


A (-2,4,4)m 


F, = F- u, = (—200i + 400j + 400k) - (sin30°i + cos 30°) 


= (—200)(sin30°) + 400(cos 30°) + 400(0) 


= 246 N Ans. 
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2-122. 


Determine the angle 0 between cables AB and AC. 7 


SOLUTION A eps 7y a — Fc = 60 Ib 


Position Vectors: The position vectors r 4g and r4c must be determined first. 
From Fig. a, 


rag = (—3 — 0)i + (0 — 6)j + (4 — 2)k = {-3i — 6j + 2k} ft 


rac = (5 cos 60° — 0)i + (0 — 6)j + (5 sin 60° — 2)k = {2.51 — 6j + 2.330k} ft 


The magnitudes of r4g and r 4c are 
rap Vv ( 3)" 4 ( 6) = 7ft 
rac = V2.5" + (—6)? + 2.3302 = 6.905 ft 


Vector Dot Product: 
Tag tac = (—3i — 6j + 2k) - (2.5i — 6j + 2.330k) 
= (-—3)(2.5) + (—6)(—6) + (2)(2.330) 
= 33.160 ft? 


Thus, 


4 rap’ lac =j 33.160 | 
= = = 466R Ans, 
0 = cos ( ie ) cos Ee 6 ns. 
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2-123. 


Determine the angle ¢ between cable AC and strut AO. z 


Fag = 701b 


A Fac = 601b 


SOLUTION 


Position Vectors: The position vectors r 4c and r 4ọ must be determined first. 
From Fig. a, 


rac = (5 cos 60° — 0)i + (0 — 6)j + (5 sin 60° — 2)k = {2.51 — 6j + 2.330k} ft 
rao = (0 — 0)i + (0 — 6)j + (0 — 2)k = {—6j — 2k} ft 


The magnitudes of r 4c and r 4ọ are 


rac = V2.5" + (—6)? + 2.3302 = 6.905 ft 
rao = V(-6) + (-2)2 = V40ft 


Vector Dot Product: 
rac rao = (2.5i — 6j + 2.330k) + (—6j — 2k) 


= (2.5)(0) + (—6)(—6) + (2)(2.330)(—2) 


= 31.34 ft? 
Thus, 
rac'E 31.34 
d= cos- 2 ao) cos] | = 441° Ans. 
Bacto 6.905 V40 
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*2-124, 


Determine the projected component of force F 4g along the 
axis of strut AO. Express the result as a Cartesian vector. 


SOLUTION 
Unit Vectors: The unit vectors u4g and uyg must be determined first. From Fig. a, 
(-3 — 0)i + (0 — 6)j + (4 — 2)k 3. 6 2 


z = j + Źk 
U4B V 3 oy (0 6) (4 ay 7 1 7 J 7 
o De the Dee i 2 0.9487j — 0.3162 k 
Vo - 0} + 0 - 6) + (0 - 2} 


Thus, the force vectors F 4p is 


3, 6. 2 
Fag = Fagus 70( ae be Zx) {—30i — 60j + 20k} Ib 


Vector Dot Product: The magnitude of the projected component of F 4g along strut 
AO is 


(Fap)so = Fag: Wao = (—30i — 60j + 20k) - (—0.9487j — 0.3162k) 


= (—30)(0) + (—60)(—0.9487) + (20)(—0.3162) 
= 50.596 Ib 


Thus, (F 4g) 40 expressed in Cartesian vector form canbe written as 


(FB) Ao = (F 4p) AoWao = 50.596( 0.9487; 023162k) 


= {—48j — 16k} Ib Ans. 
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2-125. 


Determine the projected component of force F 4c along the z 
axis of strut AO. Express the result as a Cartesian vector. 


SOLUTION 


Unit Vectors: The unit vectors uyc and ug must be determined first. From Fig. a, 
_ (Scos 60° — 0)i + (0 — 6)j + (5 sin 60° — 2)k 


V5 cos 60° — 0)? + (0 — 6} + (0 — 2} 


uac = 0.3621i — 0.8689j + 0.3375k 


0- Qi + (0 - Oj + (0 — 2k 
u4o = 
VO — 0) + (0 — 6) + (0 — 2} 


= —0.9487j — 0.3162 k 


Thus, the force vectors F yc is given by 


Fuc = Facwac = 60(0.3621i — 0.8689j + 0.3375k) = {21.721 — 52.14j + 20.25k} Ib 


Vector Dot Product: The magnitude of the projected component of F 4c along strut 
AO is 


(Fac)ao = Fact Wao = (21.721 — 52.14j + 20.25k) - (—0.9487j — 0.3162k) 
= (21.72)(0) + (—52.14)(—0.9487) + (20.25)(—0:3162) 
= 43.057 Ib 


Thus, (F 4c) 40 expressed in Cartesian vector form can be written as 


(Fac)ao = (Fac)aotao = 43.057(—0.9487j).5 0.3162k) 


= {—40.8j — 13.6k} Ib Ans. 
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2-126. 


Two cables exert forces on the pipe. Determine the 
magnitude of the projected component of F; along the line 
of action of F}. 


SOLUTION 


Force Vector: 


up, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k 


= 0.43301 + 0.75j — 0.5k 


F, = 30 lb 


F, = Fup, = 30(0.4330i + 0.75j — 0.5k) Ib 


= {12.990i + 22.5j — 15.0k} Ib 


Unit Vector: One can obtain the angle œ = 135° for F, using Eq. 2-8. 


cos?a + cos? B + cos? y = 1, with B = 60° and y = 60°. The unit vector along the 


line of action of F; is 


up, =cos 135° + cos 60°j + cos 60°k = — 0.7071i + 0.5j + 0.5k 
Projected Component of F; Along the Line of Action of F»: 


(Fide, = F; + up, = (12.9901 + 22.57 — 15.0k) (— 0.70714 +.0.5j +°0.5k) 


(12.990)(— 0.7071) + (22.5)(0.5) +\(15:0)(0.5) 


—5.44 lb 


Negative sign indicates that the projected component of (4), acts:in the opposite 
sense of direction to that of up.. 


The magnitude is (F'))p, = 5.44 Ib Ans. 
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2-127. 


Determine the angle 0 between the two cables attached to 
the pipe. 


SOLUTION 


Unit Vectors: 
ur, = cos 30° sin 30°% + cos 30° cos 30°j — sin 30°k 
= 0.43301 + 0.75j — 0.5k 


up, = cos 135°i + cos 60°} + cos 60°k 


0.7071i + 0.5j + 0.5k F; = 30 1b 
The Angles Between Two Vectors 0: 


up,‘ up, = (0.4330i + 0.75j — 0.5k) + (—0.7071i + 0.5j + 0.5k) 


= 0.4330(—0.7071) + 0.75(0.5) + (—0.5)(0.5) 


= —0.1812 


Then, 


0 = cos™! (ur ur,) = cos™!(—0.1812) = 100° Ans. 
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*2-128. 


Determine the magnitudes of the components of F acting z 
along and perpendicular to segment BC of the pipe 
assembly. 
-=~ "N 
Ea sm 
= ia 
x 
SOLUTION 
Unit Vector: The unit vector ucg must be determined first. From Fig. a F = {30i — 45j + 50k} Ib 
rcp (3 — Ti+ (4 — 6)j + [0 — (-—4)]k 2. 1, 2 
UCB man 3j + 3K R 
roa VB-T + (4-6) + 0- (-4)P c 


Vector Dot Product: The magnitude of the projected component of F parallel to 
segment BC of the pipe assembly is 


3 3 3 


= (30(-2) + -45(2) + o2) 


= 28.33 lb = 28.3 lb Ans. 


a. a... 9 
(F5c)pa = F+uce = (301 — 455 4 so)-( i--j+ K) 


The magnitude of F is F = V302 + (—45)? + 50° =V 5425 Ib. Thus, the magnitude 
of the component of F perpendicular to segment BC of the pipe assembly can bè 
determined from 


(Fesc) = V F°- (Fac)pa’ = V 5425 — 28.337 =068.01b Ans. 
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2-129. 


Determine the magnitude of the projected component of F z 
along AC. Express this component as a Cartesian vector. 


SOLUTION 


Unit Vector: The unit vector u,c must be determined first. From Fig. a F = {30i — 45j + 50k) Ib 


uac = i a ek) ea ld 0.6965i + 0.5970j — 0.3980k my 
V(7 -= 0) + (6 — 0) + (4 — 0}? Å 
Vector Dot Product: The magnitude of the projected component of F along line AC is í 
Fac = Feuyc = (30i — 45j + 50k) (0.6965i + 0.5970j — 0.3980k) 
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980) S 
= 25.87 lb Ans. x 
Thus, F 4c expressed in Cartesian vector form is F The 


Fac = Facuac = —25.87(0.6965i + 0.5970j — 0.3980k) 


= {—18.0i — 15.4j + 10.3k} Ib Ans: w 
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2-130. 


Determine the angle 0 between the pipe segments BA and BC. 


SOLUTION 


Position Vectors: The position vectors rg4 and rgc must be determined first. From 


Fig. a, 


rga = (0 — 3)i + (0 — 4)j + (0 — 0)k = {—3i — 4j} ft 
tac = (7 — 3)i + (6 — 4)j + C4 — O)k = (45 + 2j — 4k} ft 


The magnitude of rg, and rgc are 


rga = V(-3) + (-4)9 = Sf 
Ipc = V4 + 2? + (-4) = 6ft 


Vector Dot Product: 
Tga 'rgc = (3i — 4j)- (4i + 2j — 4k) 


= (—3)(4) + (-4)(2) + 0(-4) 
= —20 ft? 


Thus, 


cos"| sal = 432° 
5(6) 


0 cos- (24 ` zec) 
Tpa lsc 


Ans. 
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2-131. 


Determine the angles 0 and ¢ made between the axes OA z 
of the flag pole and AB and AC, respectively, of each cable. 


SOLUTION 

rac = {-2i — 4j + 1k}m; rac = 4.58 m 
rag = {1.5i — 4j + 3k} m; rap = 5.22m 
rao = {-4j — 3k} m; rao = 5.00m 


Yap tao = (1.5)(0) + (44) + (3)(-3) = 7 
0 = cosi ed 
FABTAO 


7 
= cos = 74.4° Ans. 


5.22(5.00) 


rac rao = (~2)(0) + (—4)(-4) + )(-3) = 13 


= if Tac * Fao 
ọ = cos | ——— 


Tac’ AO 


13 
-1 PE o 
cos (am) 55.4 Ans. 
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*2-132. 


The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of F, 
along the line of action of F,. 


SOLUTION 
Force Vector: = y 
up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k 60° 
= 0.5390i — 0.1962j + 0.8192k 
F; = Fur, = 400(0.5390i — 0.19625 + 0.8192k) N 
F, = 400 N 


= {215.59i — 78.47j + 327.66k} N 


Unit Vector: The unit vector along the line of action of F, is 


ur, = cos 45°i + cos 60°j + cos 120°k 


0.7071i + 0.5j — 0.5k 


Projected Component of F, Along Line of Action of F: 
(Fi)p, = Fi + ur, = (215.59i — 78.47j + 327.66k) - (0.7071i + 0.5j — 0.5K) 
= (215.59)(0.7071) + (—78.47)(0.5) + (327.66)(~0.5) 


= —50.6N 


Negative sign indicates that the force component (F,)#,acts\in theopposite.sense 
of direction to that of up». 


thus the magnitude is (F})-, = 50.6 N Ans. 
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2-133. 


Determine the angle 6 between the two cables attached to 
the post. F; = 400 N 


SOLUTION 


Unit Vector: 


up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k 


1 


0.5390i — 0.1962j + 0.8192k 


ur, = cos 45°i + cos 60°j + cos 120°k 


2 


= 0.7071i + 0.5j — 0.5k 


The Angle Between Two Vectors 0: The dot product of two unit vectors must be 
determined first. 


up, Up, = (0.5390i — 0.1962j + 0.8192k) - (0.7071i + 0.5j — 0.5k) 


= 0.5390(0.7071) + (—0.1962)(0.5) + 0.8192(—0.5) 


—0.1265 


Then, 


0 = cos! (ur, ur,) = cos™!(—0.1265) = 97.3° Ans. 
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2-134. 


Determine the magnitudes of the components of force z 
F = 90 lb acting parallel and perpendicular to diagonal AB 
of the crate. 


SOLUTION 


Force and Unit Vector: The force vector F and unit vector ugg must be determined 
first. From Fig. a 


F = 90(— cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k) 


= (-31.82i + 31.82] + 77.94} Ib 
a -ms _ O=15i+B-OJ+C-Hk _ 3, 6,2 
‘AB 

ras WJ - 15+ 3-02 +0-07 7 7 


Vector Dot Product: The magnitude of the projected component of F parallel to the 
diagonal AB is 


[(F) alps = Fag = (—31.82i + 31.82j + 77.94k)- (-3: + $; + T 
KCE: 0) 
3 6 2 
( 31.99 5) ' a1a2($) nrsa{ 2) x 
= 63.18 lb = 63.2 Ib ‘Ans. (ay 


The magnitude of the component F perpendicular to the-diagonal AB is 


[P) aslo: = VF- [(P)aslpa2 = 63.1822 649 Ib Ans. 
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2-135. 


The force F = {25i — 50j + 10k} lb acts at the end A of 
the pipe assembly. Determine the magnitude of the 
components F; and F, which act along the axis of AB and 
perpendicular to it. 


N 


SOLUTION 


Unit Vector: The unit vector along AB axis is 


(0 — 0i + (5 — 9)j + (0 — 6)k 
"e= A-0 + (5 — 9) + (0 


5 —0.5547j — 0.8321k 


Projected Component of F Along AB Axis: 


F, = F-u4g = (25i — 50j + 10k) - (—0.5547j — 0.8321k) 


= (25)(0) + (—50)(—0.5547) + (10)(—0.8321) 


= 19.415 lb = 19.4 lb Ans, 


Component of F Perpendicular to AB Axis: The magnitude of force) F is 
F = V25? + (—50)? + 102 = 56.789 lb. 


F, = VF? — F? = V56.789% — 19.4142 = 53.4 lb Ans. 
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*2-136. 


Determine the components of F that act along rod AC and 


perpendicular to it. Point B is located at the midpoint of 

the rod. 

SOLUTION 

rac = (-3i+ 4j — 4k), rac = V(-3 + + (-4)? = V4 m 
rac 3i + 4j + 4k 

rag = 7 = > = -1.5i + 2j — 2k 


rap = tap + gp 


Tgp — Yap — YAB 


= (4i + 6j — 4k) — (—1.5i + 2j — 2k) 


= {5.5i + 4j — 2k} m 


rap = V(55) + (42 + (—2) = 7.0887 m 


F= coo( £22.) = 465.5281 + 338.5659} — 169.2829k 
BD 


Component of F along ryc is Fi), 


© Ferace _ (465.5281 + 338.5659} — 169.2829k) - (—3i è 4j 4k) 
Tac V41 


F\| = 99.1408 = 99.1 N Ans. 


Fi 


Component of F perpendicular to rac is F | 
F? + FÌ = F? = 600° 
F?, = 600° — 99.1408? 


F = 591.75 = 592 N Ans. 
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2-137. 


Determine the components of F that act along rod AC and 
perpendicular to it. Point B is located 3 m along the rod 
from end C. 


SOLUTION 
rca = 3i — 4j + 4k 


6.403124 


FCA 


3 
y= = 1.40556i — 1.874085j + 1.874085k 
rce = 6 403124 C4) ' J 


rog = Yoc + lcs 
= —3i + 44+ rcp 
= —1.59444i + 2.1259j + 1.874085k 


rop = Yop + ¥gp 


r'gp = Yop — Yon = (4i + 6j) — rog 


5.5944i + 3.8741j — 1.874085k 


rap = V (5.5944)? + (3.8741)? + (—1.874085)2 = 7.0582 

BD, _ 3 F 

F = 600(——) = 475.568i + 329.326) — 159.311k 
FBD 


rac = (—3i + 4j — 4k), rac = V41 
Component of F along rjc is F| | 


© Ferace _ (475.5681 + 329.326j — £59.30) „03i 3F 4j: S 4k) 
lac Vat 


F\ = 82.4351 = 82.4N Ans. 


Fi 


Component of F perpendicular to ry4@1s F [ 
F + Fi, = F = 600° 
F?, = 600° — 82.4351? 


F, =594N Ans. 
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2-138. 


Determine the magnitudes of the projected components of 
the force F = 300 N acting along the x and y axes. 


SOLUTION 


Force Vector: The force vector F must be determined first. From Fig. a, 


F 


II 


—300 sin 30°sin 30°i + 300 cos 30°j + 300 sin 30°cos 30°k 


II 


[-75i + 259.81j + 129.90k] N 


Vector Dot Product: The magnitudes of the projected component of F along the x 
and y axes are 


F, = F+i = (—75i + 259.81j + 129.90k) -i 
= —75(1) + 259.81(0) + 129.90(0) 
= -75N 

F, = F- j = (—75i + 259.81j + 129.90k) -j 
= —75(0) + 259.81(1) + 129.90(0) 


= 260 N 


The negative sign indicates that F, is directed towards the negatiye x axis. Thus 


Fy, =75N, Fy, =260N Ans. 
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2-139, 


Determine the magnitude of the projected component of 
the force F = 300 N acting along line OA. 


SOLUTION 


Force and Unit Vector: The force vector F and unit vector up, must be determined 
first. From Fig. a 


F = (—300 sin 30° sin 30°i + 300 cos 30°j + 300 sin 30° cos 30°k) 
= {-75i + 259.81j + 129.90k} N 


roa _ (=0.45 — 0)i + (0.3 — 0)j + (0.2598 — 0)k 
Toa \V/(-0.45 — 0)? + (0.3 — 0)? + (0.2598 — 0) 


uoa = = —0.75i + 0.5j + 0.4330k 


Vector Dot Product: The magnitude of the projected component of F along line OA is 
Foa = F-ug, = (—75i + 259.81j + 129.90k) - (—0.75i + 0.5j + 0.4330k) 
= (—75)(—0.75) + 259.81(0.5) + 129.90(0.4330) 


= 242 N Ans. 


A[-l034035in30%, 0.3, 0.3C0820°]m 


= (0-45, 0-3 02598 )m 
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*2-140. 


Determine the length of the connecting rod AB by first 
formulating a Cartesian position vector from A to B and 
then determining its magnitude. 


B 


SOLUTION Si 


r, = [16 — (—5 sin 30°)]i + (0 — 5 cos 30°) j 


= {18.5i — 4.330 j} in. 
Tan = V (18.5)? + (4.330)? = 19.0 in. Ans. 


16 in. 
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2-141. 


Determine the x and y components of F; and F). 


F, = 200N 


SOLUTION 
Fy, = 200 sin 45° = 141 N Ans. 
Fıy = 200 cos 45° = 141 N Ans. 
F,, = —150 cos 30° = —130 N Ans. 
Foy = 150 sin 30° = 75 N Ans. 
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2-142. 
Determine the magnitude of the resultant force and its 


direction, measured counterclockwise from the positive 
x axis. 


SOLUTION 
+N Fa = =F Fry = —150 cos 30° + 200 sin 45° = 11.518 N 


7+Fry = 2Fy; Fry = 150 sin 30° + 200 cos 45° = 216.421 N 


Fg = V (11.518)? + (216.421)? = 217N Ans. 
216.421 
= =i = o 
0 = tan ( 11518 87.0 Ans, 
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2-143. 


Determine the x and y components of each force acting on a 
the gusset plate of the bridge truss. Show that the resultant 
force is zero. 


3/4 
F, = 400 Ib 


SOLUTION Fa = 300 Ib ; 
F; = 300 Ib 

Fix = —200 lb Ans, 
Fi, =0 Ans. 

4 
F,, = s00( $) = 320 lb Ans. 

3 

Foy = -400(2) = —240 Ib Ans. 

3 
F3, = 300(2) = 180 lb ‘Ans. 

4 
F3y = 300( 2) = 240 Ib Ans 
F 4, = —300 lb Ans. 
Fy = 0 Ans. 


Fay + Fay + Fa 
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*2-144, 


Express F; and F, as Cartesian vectors. 


SOLUTION 
F, = —30 sin 30° i — 30 cos 30° j 
= {-15.0i — 26.0 j} kN Ans. 
5 12 


= {-10.01 + 24.0 į} kN Ans. 
{ jt 
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2-145. 


Determine the magnitude of the resultant force and its 
direction measured counterclockwise from the positive 


X axis. 
SOLUTION 
5 
5 Fe. = EF; Fey = —30sin 30° — 73 (26) = —25kN 


12 
+1 Fry = XFy; Fry = —30 cos 30° + (26) = -1.981 kN 


13 
Fp = V(-25)2 + (-1.981)? = 25.1 kN Ans. 
b= tan( 52") = 4.53° 
25 
@ = 180° + 4.53° = 185° Ans, 
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2-146. 


The cable attached to the tractor at B exerts a force of 350 Ib z 
on the framework. Express this force as a Cartesian vector. 


TETN 


NF =3501b 


SOLUTION 
r = 50 sin 20°i + 50 cos 20°j — 35k 


r = {17.10i + 46.98j — 35k} ft 


(17.10)? + (46.98)? + (—35)? = 61.03 ft 


7E 
x 

u= : = (0.280i + 0.770j — 0.573k) 

F = Fu = (98.11 + 269j — 201k} Ib Ans. 
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2-147. 


Determine the magnitude and direction of the resultant y 

Fg = F, + F, + F, of the three forces by first finding the F,=75N 
resultant F’ = F, + F, and then forming Fp = F' + F,. 
Specify its direction measured counterclockwise from the 
positive x axis. 


SOLUTION 


F' = V (80)? + (50)? — 2(80)(50) cos 105° = 104.7 N 


sin d sin 105° 
80 — 1047’ 


$ = 47.54° 


Fr = V(104.7} + (15)? — 2(104.7)(75) cos 162.46° 
= 
= 

Fr = 177.7 = 178N Ans. 


sinB sin 162.46° 
104.7 iT F? 


B = 10.23° 


0 = 75° + 10.23° = 85.2° 


(b) ©) ss4arse” 


= 9a54° 
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*2-148, 


If 0 = 60° and F = 20 kN, determine the magnitude of the y 
resultant force and its direction measured clockwise from 


50 kN 
the positive x axis. 


SOLUTION 


4 
4 Fp, = IF; Frr= s0(2) 


1 
(40) — 20 cos 60° = 58.28 kN 
2 


V2 


40 kN 


3 1 
+? Fry = ZFy; Fry = s0(2) 5 (40) — 20 sin 60° = —15.60 kN 


V2 


Fra = V (58.28) + (—15.60)? = 60.3 KN Ans. 


15.60 
= tan || —— | = 15.0° Ans. 
a ES 7 
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2-149, 


The hinged plate is supported by the cord AB. If the force 
in the cord is F = 340 lb, express this force, directed from 
A toward B, as a Cartesian vector. What is the length of 
the cord? 


SOLUTION 


Unit Vector: 


rag = {(0 — 8)i + (0 — 9)j + (12 — 0)k} ft 


= {-8i — 9j + 12k} ft 


rap = V(-8) + (—9)? + 122 = 17.0 ft Ans. 
P rag —8i — 9j + 12k 8. OP 12) 
AR ig 17 7 17 17 


Force Vector: 


8. 9, 12 


= {—160i — 180j + 240k} Ib Ans) 
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